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INVESTIGATION OF THE FEASIBILITY OF STERILE ASSEMBLY 

OF SILVER-ZINC BATTERIES 

By Arnold A,  R o t h s t e i n ,  Evan R.  Jones ,  and Roger D. Knight 
M a r t i n  M a r i e t t a  Corpora t ion  

SUMMARY 

A program w a s  conducted t o  a s c e r t a i n  t h e  f e a s i b i l i t y  of s te r -  
i l e  assembly of s i l v e r - z i n c  b a t t e r i e s .  
lowed encompassing (1) s t e r i l i z a t i o n  c o m p a t i b i l i t y  of t h e  c e l l  
components and materials under f l i g h t  accep tance  d r y  h e a t  s t e r i -  
l i z a t i o n  (125OC f o r  60 h r )  and a u t o c l a v e  c o n d i t i o n s ;  (2)  assembly 
of 1 2  "s tandard"  c e l l s  under normal manufac tur ing  c o n d i t i o n s ,  12 

c o n t r o l "  c e l l s  from s t e r i l i z e d  components u s i n g  normal manufactur-  
i n g  c o n d i t i o n s  and 24 " s t e r i l e "  ce l l s  from s t e r i l i z e d  components 
under  s t e r i l e  i s o l a t o r  c o n d i t i o n s ;  (3) e l e c t r i c a l  performance tes ts  
of each type  assembly w i t h  comparison of c h a r g e / d i s c h a r g e  d a t a  t o  
de te rmine  degrada t ion  e f f e c t s  ; (4) a s s o c i a t e d  b i o l o g i c a l  c o n t r o l s  
and a s s a y s  d u r i n g  s t e r i l e  assembly and p o s t - e l e c t r i c a l  t e s t i n g  
o p e r a t i o n s ;  and (5) development of a v a r i e t y  of -packaging  concepts  
t o  m a i n t a i n  s t e r i l i t y  i n  the  f ac to ry - th rough- l aunch  sequence.  

A l o g i c a l  p l an  w a s  f o l -  

11 

Component S t e r i l i z a t i o n  tes ts  r e v e a l e d  sh r inkage  of t h e  nylon  
c e l l  j a r  and cover  and s h r i n k a g e / d i s c o l o r a t i o n  of t h e  c e l l o p h a n e  
s e p a r a t o r  mater ia ls .  
e f f e c t s  cou ld  be overcome by exposure t o  h igh  r e l a t i v e  humidi ty  
a f t e r  s t e r i l i z a t i o n .  T e n s i l e  tes ts  r e v e a l e d  no change i n  p rope r -  
t ies  a t  a 95% conf idence  l e v e l .  

A d d i t i o n a l  expe r imen ta t ion  showed t h a t  t h e s e  

C o n t r o l  and s t e r i l e  b a t t e r i e s  e x h i b i t e d  s l i g h t  e l e c t r i c a l  p e r -  
formance degrada t ion .  This e f f e c t  a p p e a r s  t o  be a p p r e c i a b l y  less 
than l i t e r a t u r e - r e p o r t e d  c a p a c i t y  l o s s e s  from post-assembly s t e r i -  
l i z a t i o n  of s i l v e r - z i n c  b a t t e r i e s .  No ev idence  of con tamina t ion  
w a s  d e t e c t e d  d u r i n g  t h e  s t e r i l e  assembly and e l e c t r i c a l  perform- 
ance  o p e r a t i o n s .  
b a t t e r y  components a f t e r  e l e c t r i c a l  performance tests t h a t  are 
b e l i e v e d  t o  s t e m  from a s s a y  in t roduced  contaminat ion .  
a g i n g  concep t s  evolved,  w i t h  two having  p a r t i c u l a r  promise and 
w a r r a n t i n g  development.  

Four p o s i t i v e  r e s u l t s  were no ted  i n  a s s a y s  of 

S i x  pack- 



The s t u d y  r e s u l t s  s u b s t a n t i a t e  t h e  f e a s i b i l i t y  o f  s t e r i l e  
assembly of s i l v e r - z i n c  b a t t e r i e s  as a backup t o  o t h e r  i n v e s t i -  
g a t i o n s  t o  deve lop  s t e r i l i z a b l e  s i l v e r - z i n c  b a t t e r i e s .  

INTRODUCTION 

NASA requi rements  f o r  s t e r i l i z a t i o n  of i n t e r p l a n e t a r y  unman- 
ned mis s ions  s t i p u l a t e  a t e r m i n a l  h e a t  s t e r i l i z a t i o n  c y c l e  equiva-  
l e n t  i n  b i o l o g i c a l  k i l l  e f f e c t s  t o  exposure a t  125°C f o r  24.5 h r  
( r e f ,  1) .  These c o n d i t i o n s  i n t r o d u c e  p o t e n t i a l  problems i n v o l v i n g  
r e p a i r  a f t e r  t h e  t e r m i n a l  s t e r i l i z a t i o n  t r e a t m e n t ,  and degrada-  
t i o n  of h e a t - s e n s i t i v e  hardware by exposure ( r e f .  2 ) .  

To s o l v e  t h e  f i r s t  problem, e x t e n s i v e  i n v e s t i g a t i o n s  have 
been conducted on s t e r i l e  r e p a i r / i n s e r t i o n  concep t s .  The assem- 
b l y  s t e r i l i z e r  approach,  developed under t h e  a e g i s  of t h e  Langley 
Research  Center  ( r e f s .  3, 4, 5) comprises  d isassembly  and r e p a i r  
i n  a l a r g e  s t e r i l e  chamber. I n v e s t i g a t i o n s  by t h e  Mar t in  Marietta 
Corpora t ion  under NASA c o n t r a c t s  ( r e f s .  6 ,  7 ,  8) a r e  based on an 
i n s e r t i o n  t echn ique  p e r m i t t i n g  s t e r i l e  o p e r a t i o n s  through p o r t  
openings i n  t h e  s p a c e c r a f t .  These methods a r e  mutua l ly  comple- 
mentary,  and use  of one o r  t h e  o t h e r  w i l l  meet a l l  needs f o r  r e -  
p a i r  a t  t h e  l aunch  s i t e .  N e c e s s a r i l y ,  bo th  approaches r e q u i r e  
t h e  a v a i l a b i l i t y  o f  s t e r i l e  replacement  hardware a s  p a r t  o f  t h e i r  
o p e r a t i o n s .  

Ex tens ive  i n v e s t i g a t i o n s  have been sponsored  by NASA and v a r -  
i o u s  u n i v e r s i t i e s  and i n d u s t r i a l  o r g a n i z a t i o n s  t o  minimize t h e  
second problem by e s t a b l i s h i n g  a spectrum of p a r t s ,  m a t e r i a l s ,  
components, and a s sembl i e s  c a p a b l e  of exposure t o  s t e r i l i z a t i o n  
c o n d i t i o n s  w i t h o u t  d e g r a d a t i o n .  S i l v e r - z i n c  b a t t e r i e s  pose a 
b a s i c  problem as a h e a t - s e n s i t i v e  i t e m  e x h i b i t i n g  a p p r e c i a b l e  
d e g r a d a t i o n  i n  e l e c t r i c a l  performance c a p a c i t y  c h a r a c t e r i s t i c s  
a f t e r  exposure t o  the  t e r m i n a l  s t e r i l i z a t i o n  c o n d i t i o n s .  

To complement and f i l l  known vo ids  i n  t h e  e x i s t i n g  programs, 
Mar t in  Marietta Corpora t ion  proposed t h i s  s t u d y  under  t h e  d i r e c -  
t i o n  of t h e  Langley Research  Cen te r .  The program o b j e c t i v e  w a s  
t o  de te rmine  t h e  f e a s i b i l i t y  of s t e r i l e  assembly and t o  deve lop  
packaging concep t s  t o  ma in ta in  s t e r i l i t y  d u r i n g  t h e  f a c t o r y -  
through-launch sequence.  
t he  assembly i t e m  t o  c o n c u r r e n t l y  p rov ide  a backup t echn ique  i f  
o t h e r  i n v e s t i g a t i o n s  t o  deve lop  s t e r i l i z a b l e  b a t t e r i e s  were un- 
s ucc e s  s f u 1. 

S i l v e r - z i n c  bat ter ies  were s e l e c t e d  as 

I 

2 



The f i v e  major phases  of t h i s  i n v e s t i g a t i o n  were as f o l l o w s :  

1) Component s t e r i l i z a t i o n  - This  phase w a s  conducted 
b e f o r e  the  s t a r t  of t h e  assembly o p e r a t i o n s  t o  e s t a b -  
l i s h  s u i t a b l e  s t e r i l i z a t i o n  c o n d i t i o n s  f o r  t h e  i n d i -  
v i d u a l  e lements  of t h e  c e l l s ;  

2)  Assembly of t es t  c e l l s  - This  phase comprised assem- 
b l y  of t h r e e  c a t e g o r i e s  of c e l l s  l i s t e d  i n  t a b l e  1; 

TABLE 1, - CELL ASSEMBLY CATEGORIES 

S t e r i l i z e d  Nons ter i l e  

S t e r i l e  i s o l a t o r  

3)  E l e c t r i c a l  performance - This  phase c o n s t i t u t e d  e l e c -  
t r i c a l  t e s t i n g  of each c a t e g o r y  of assembled c e l l s  
t o  de te rmine  performance c h a r a c t e r i s t i c s ;  

4 )  B i o l o g i c a l  c o n t r o l s  and a s s a y s  - These a c t i v i t i e s  
were conducted d u r i n g  t h e  s t e r i l e  assembly opera-  
t i o n s ,  throughout  t h e  e l e c t r i c a l  t e s t i n g  i n s i d e  t h e  
s t e r i l e  i s o l a t o r s ,  and as a p o s t  mortem a n a l y s i s  on 
d i  sas s emb l e d  ba t ter y c omponen t s ; 

b a t t e r y  packaging concep t s  compat ib le  w i t h  t h e  Langley 
Assembly S t e r i l i z e r  and Mar t in  Marietta s t e r i l e - i n -  
s e r t i o n  techniques  as w e l l  as program o r i e n t e d  con- 
s t r a i n t s  . 

5) Packaging concep t s  - This  c o r o l l a r y  work developed 

Each of t h e s e  phases  i s  covered as separate e n t i t i e s  i n  sub- 
sequen t  s e c t i o n s  of t h i s  r e p o r t .  D e t a i l e d  p rocedura l  i n fo rma t ion  
has  been i n c o r p o r a t e d  i n  appendixes  t o  pe rmi t  e a s e  of r e a d i n g  and 
r e f e r e n c e .  Recognizing t h e  wide v a r i e t y  of i n t e r e s t  i n  t h i s  work, 
w e  have t r i e d  t o  make each  s e c t i o n  s e l f - s u s t a i n i n g  even though 
some s m a l l  redundancy i s  in t roduced .  M a t e r i a l s  pe r sonne l  w i l l  
f i n d  the  STERILIZATION COMPATIBILITY s e c t i o n  of i n t e r e s t ;  b a t t e r y  
p roduc t ion  pe r sonne l  can  e x t r a c t  v a l u a b l e  in fo rma t ion  from t h e  
ASSEMBLY OPERATIONS s e c t i o n  and t h e  appendixes ;  performance cha rac -  
t e r i s  t i cs  are provided  i n  t h e  ELECTRICAL PERFORMANCE s e c t i o n  f o r  
b a t t e r y  and space power pe r sonne l ;  etc.  
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Conclusions and recommendations a r e  p rov ided .  Appendix A 
p r e s e n t s  a d e s c r i p t i o n  o f  equipment 

M a r t i n  Marietta Corpora t ion  wishes t o  e x p r e s s  our  s i n c e r e s t  
thanks and a p p r e c i a t i o n  t o  Jack  Zanks, J i m  Bene, and John L .  P a t -  
t e r s o n  of t h e  Langley Research Cen te r .  I n  our several  t e c h n i c a l  
review mee t ings ,  t h e s e  gentlemen, as a team, d i r e c t e d  and c o o r d i -  
n a t e d  t h e  work t o  y i e l d  t h e  r e q u i s i t e  b l e n d  of b a t t e r y  technology,  
s t e r i l i z a t i o n  o p e r a t i o n s ,  and m i c r o b i o l o g i c a l  t echn iques .  

Under t h e  Program Management of Arnold A. R o t h s t e i n ,  Evan R .  
Jones provided t e c h n i c a l  d i r e c t i o n  t h a t  a s s u r e d  conformance t o  
a l l  scheduled m i l e s t o n e s  and c o o r d i n a t i o n  of a l l  program a c t i v i -  
t i es  Roger D.  Knight  d i r e c t e d  t h e  b i o l o g i c a l  program, and John 
Leuthard e s t a b l i s h e d  t h e  b a s i c  e l e c t r i c a l  performance t e s t  program. 
Horace Cla i r ,  Eldon Cons tab le ,  and A 1  Bowker performed t h e  day- 
to-day l a b o r a t o r y  o p e r a t i o n s  and t h e  b a t t e r y  assembly o p e r a t i o n s  
S p e c i a l  acknowledgment i s  g iven  t o  John H. M a r t i n  and C h a r l e s  W .  
Brooke of t h e  Space Power Laboratory,  whose c o n s u l t a t i o n  and as- 
s i s t a n c e  enhanced t h e  p r o f e s s i o n a l  s t a t u r e  of our  work. 
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STERILIZATION COMPATIBILITY 

Experimental  d a t a  on s t e r i l i z a t i o n  o f  completely assembled, 
potassium hydroxide (KOH) f i l l e d ,  s i l v e r - z i n c  b a t t e r i e s  has  shown 
m a t e r i a l  l o s s  o f  e l e c t r i c a l  c a p a c i t y  a f t e r  d r y  h e a t  s t e r i l i z a t i o n .  
T h i s  change i n  performance c h a r a c t e r i s t i c s  i s  b e l i e v e d  t o  stem 
from t h e  c o r r o s i v e  e f f e c t s  of  t h e  hea ted  c o n c e n t r a t e d  a l k a l i  and 
t h e  s u s c e p t i b i l i t y  o f  some b a t t e r y  components ( such  a s  s e p a r a t o r s )  
t o  h igh- tempera ture  d e g r a d a t i o n .  

Assuming s u c c e s s f u l  e v o l u t i o n  o f  t h e  assembly s t e r i l i z e r  con- 
c e p t  and t h e  s t e r i l e - i n s e r t i o n  concep t ,  s t e r i l e  b a t t e r i e s  could 
be placed i n  t h e  s p a c e c r a f t  a f t e r  t h e  t e r m i n a l  h e a t  s t e r i l i z a t i o n  
o p e r a t i o n .  T h i s  c o n d i t i o n  would e l i m i n a t e  h e a t  exposure o f  t h e  
b a t t e r i e s  d u r i n g  t h e  l aunch  s i t e  o p e r a t i o n s ,  bu t  l e a v e s  t h e  ques- 
t i o n  o f  how t o  o b t a i n  s t e r i l e  b a t t e r i e s .  One method o f f e r i n g  con- 
s i d e r a b l e  p o t e n t i a l  i s  s t e r i l e  assembly i n  an i s o l a t o r  u s ing  b a t -  
t e r y  components t h a t  have been s t e r i l i z e d  i n  a p a s s c l a v e  b e f o r e  
i n t r o d u c t i o n  i n t o  t h e  i s o l a t o r .  T h i s  approach t e n d s  t o  e l i m i n a t e  
t h e  p r e v i o u s l y  c i t e d  problems of  s t e r i l i z i n g  an assembled b a t t e r y  
because: 

1) The potassium hydroxide could be in t roduced  and s te r -  
i l i z e d  i n  a s e p a r a t e  c o n t a i n e r .  Assembly would t h e n  
be  conducted w i t h  t h e  cooled a l k a l i  and, hence,  e l i m -  
i n a t e  t h e  e f f e c t s  caused by t h e  hea ted  c o r r o s i v e  en- 
vironment;  

2) G r e a t e r  f l e x i b i l i t y  would be a v a i l a b l e  f o r  t h e  s t e r i -  
l i z a t i o n  o f  b a t t e r y  components t o  e l i m i n a t e  o r  mini-  
mize d e g r a d a t i o n .  These a l t e r n a t i v e s  i n  t h e  p a s s c l a v e  
o p e r a t i o n  could comprise l o n g e r  t ime/ lower tempera ture  
d r y  h e a t  exposures  o r  a u t o c l a v e  t r e a t m e n t .  

The i n i t i a l  phase o f  t h i s  s t u d y  was t h e r e f o r e  devoted t o  de- 
te rmining  s u s c e p t i b i l i t y  t o  d e g r a d a t i o n  of  b a t t e r y  e l emen t s  under 
d r y  h e a t  and a u t o c l a v e  c o n d i t i o n s .  B i o l o g i c a l  a s s a y s  were a l s o  
conducted a s  a c o n t r o l  a s p e c t  on t h e  s t e r i l i z a t i o n  t r e a t m e n t  and 
t o  p rov ide  p r e l i m i n a r y  checkout i n f o r m a t i o n  on equipment and s ter-  
i l i z a t i o n  procedures  i n  a n t i c i p a t i o n  o f  t h e  subsequent  s t e r i l e  
assembly o p e r a t i o n s .  R e s u l t s  o f  t h i s  work a r e  d i s c u s s e d  i n  t h i s  
s e c t i o n .  
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Dry Heat S t e r i l i z a t i o n  C o m p a t i b i l i t y  

A tempera ture  of  135OC i s  p r e s e n t l y  s t i p u l a t e d  a s  t h e  q u a l i -  
f i c a t i o n  tempera ture  f o r  p a r t s  and m a t e r i a l s  ( r e f  9 ) .  T h i s  t e m -  
p e r a t u r e  was t h e r e f o r e  used a s  t h e  i n i t i a l  exposure t o  r e s t r i c t  
d e v i q t i o n s  from s t a n d a r d  p r a c t i c e s  t o  t h o s e  components t h a t  showed 
d e t r i m e n t a l  e f f e c t s  under t h e  135OC c o n d i t i o n s .  A l l  components 
( excep t  t h e  40% KOH e l e c t r o l y t e  and t h e  e t h y l  a l c o h o l  used i n  t h e  
c e l l  c a s e  s e a l a n t )  were s u b j e c t e d  t o  t h i s  d r y  h e a t  s t e r i l i z a t i o n  
c y c l e  fo l lowing  t h e  procedure shown i n  Appendix B .  Components 
were measured b e f o r e  and a f t e r  t h e  t r e a t m e n t  a s  shown i n  t a b l e  2 .  

TABLE 2 , -  EFFECTS OF 135°C DRY HEAT STERILIZATION ON CELL COMPONENTS 

C o mp o ne n t 

P o s i t i v e  
p l a t e  

Negat ive  
p l a t e  

Nylon t a f f e t a  

Nylon cover  

Nylon j a r  
( i n s i d e  dim) 

Terminal  
hardware 

Cel lophane 

Dimension b e f o r e  c y c l e  

Height 2.50 i n .  
Width 1.18 i n .  
Thickness  .024 i n .  

Height 2.50 i n .  
Width 1 . 8 1  i n .  
Thickness  .033 i n .  

Width 3.37 i n .  
Length 4.25 i n .  

Width 1.580 i n .  
Length 1 . 9 5  i n .  
T h i c  kne s s .120 i n .  
Weight 7.9168 g 

Width 1 .891  i n .  
Diameter 1.583 i n .  
Height 3.575 i n .  
Thickness  .070 i n .  
Weight 40.6842 g 

N o  measurements t a k e n  

19.1x5.87 i n .  

Dimension a f t e r  c y c l e  

No change 

No change 

No change 

Width 1.560 i n .  
Length 1.945 i n .  
T h i  c kne s s .118 i n .  
Weight 7.8609 g 

Width 1.858 i n ,  
Diameter 1 .561  i n .  
Height 3 .511 i n .  
Thickness  .069 i n .  
Weight 40.2134 g 

No v i s i b l e  change 

18.725x5.75 i n .  darkened 
c o l o r ,  b r i t t l e n e s s  

S i g n i f i c a n t  changes were observed w i t h  t h e  nylon  c a s e  and 
cove r  and w i t h  t h e  c e l l o p h a n e  s e p a r a t o r s .  These changes a r e  d i s -  
cussed below, 
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Nylon c a s e  and cove r .  - The dimensional  sh r inkage  i n  t h e s e  
components was s u f f i c i e n t  t o  p reven t  assembly o f  t h e  p l a t e  pack- 
e t s  i n t o  t h e  c a s e .  Because t h i s  s h r i n k a g e  could stem from los s  
o f  w a t e r  i n  t h e  d r y  h e a t  c y c l e ,  a sma l l  exper imenta l  program was 
i n s t i t u t e d .  The c a s e  and l i d  were p laced  i n  a n  a u t o c l a v e  (s team 
s t e r i l i z e r )  and s u b j e c t e d  t o  121°C a t  20 p s i  steam f o r  20 minu tes .  
The c a s e s  were t h e n  removed and checked d i m e n s i o n a l l y .  Under 
t h e s e  c o n d i t i o n s ,  t h e  c a s e  and t h e  l i d  had r e t u r n e d  t o  w i t h i n  t h e  
o r i g i n a l  t o l e r a n c e s  and were t h e n  s u i t a b l e  f o r  assembly.  Although 
s u i t a b l e  f o r  assembly, i t  should be recognized  t h a t  t h e  o r i g i n a l  
l o s s  may have inc luded  v o l a t i l e  m a t e r i a l s  o t h e r  t h a n  w a t e r ,  and 
dimensional  s t a b i l i t y  may change w i t h  t i m e ,  

Cel lophane s e p a r a t o r  m a t e r i a l s .  - Darkening o f  t h e  samples,  
e m b r i t t l e m e n t ,  and dimensional  s h r i n k a g e  were of  s u f f i c i e n t  magni- 
t u d e  t o  p rec lude  u s e  o f  t h e  m a t e r i a l .  To r e c t i f y  t h e s e  degrada-  
t i o n  e f f e c t s ,  two exper imenta l  programs were conducted.  

Dry h e a t  s t e r i l i z a t i o n  a t  125OC: Four new c e l l o p h a n e  s h e e t s  
were cyc led  a t  125OC f o r  60 h r  fo l lowing  t h e  procedure used f o r  
t h e  135°C samples.  Although darkening  and embr i t t l ement  were 
s l i g h t l y  l e s s ,  dimensional  sh r inkage  was comparable t o  t h e  e a r l i e r  
samples and t h e r e f o r e  u n s a t i s f a c t o r y  f o r  assembly u s e .  

Autoclave v s  d r y  h e a t  w i t h  moi s tu re  renewal:  I n  view o f  t h e  
f a v o r a b l e  r e s u l t s  from h u m i d i f i c a t i o n  o f  t h e  nylon components, a 
s i m i l a r  s t u d y  warranted i n v e s t i g a t i o n  w i t h  t h e  c e l l o p h a n e  s e p a r a t -  
o r s .  Because d i s c o l o r a t i o n  and embr i t t l ement  a r e  u n s u i t a b l e  c h a r -  
a c t e r i s t i c s  f o r  c o r r e l a t i o n  w i t h  degraded p h y s i c a l  p r o p e r t i e s ,  
t e n s i l e  s t r e n g t h  measurements were in t roduced  a s  a c r i t e r i o n .  
Test  samples (1x5 i n . )  were c u t  from a s i n g l e  s h e e t  o f  193 PUD-0 
c e l l o p h a n e  w i t h  t h e  long ( 5  i n . )  dimension p e r p e n d i c u l a r  t o  t h e  
machine d i r e c t i o n  o f  t h e  s h e e t .  Four samples ( a u t o c l a v e )  were 
exposed t o  a u t o c l a v e  t r e a t m e n t  a t  121OC and 21 p s i  f o r  20 minutes;  
f o u r  samples ( d r y  h e a t )  were exposed t o  d r y  h e a t  s t e r i l i z a t i o n  a t  
125°C f o r  60 h r ;  and f o u r  samples ( c o n t r o l )  were u n t r e a t e d .  

Before  t e n s i l e  t e s t i n g ,  a l l  samples were allowed t o  remain i n  
an ambient atmosphere f o r  48 h r  t o  permit  p o s s i b l e  r e c u p e r a t i o n  o f  
l o s t  m o i s t u r e .  Three  samples from each group were t e s t e d  on an 
I n s t r o n  Model Load Tester ;  r e s u l t s  a r e  g i v e n  i n  t a b l e  3 .  

TABLE 3 .- SUMMARY OF TENSILE DATA 

7 



An a n a l y s i s  o f  v a r i a n c e  was conducted on t h e  t e n s i l e  d a t a .  
The n u l l  h y p o t h e s i s  used was t h a t  t h e  d a t a  stemmed from a homo- 
geneous normal d i s t r i b u t i o n .  A t  a conf idence  leve l  of  0 .95 ,  t h e  
t e s t  o f  s i g n i f i c a n c e  showed an a p p r e c i a b l y  lower F r a t i o  f o r  t h e  
t e s t  d a t a  t h a n  t h e  s t a n d a r d  F v a l u e .  Accord ingly ,  from a s t a t i s -  
i c a l  s t a n d p o i n t ,  no d i f f e r e n c e  e x i s t s ,  and c e l l o p h a n e  s t e r i l i z e d  
by e i t h e r  procedure i s  a c c e p t a b l e  from a t e n s i l e  p r o p e r t y  s t a n d -  
p o i n t .  It was f u r t h e r  concluded t h a t  e l e c t r i c a l  performance t e s t s  
on c e l l s  c o n s t r u c t e d  w i t h  t h e  s t e r i l i z e d  c e l l o p h a n e  would be re- 
q u i r e d  t o  a s c e r t a i n  d e g r a d a t i o n  phenomena. T a b l e  4 shows t h e  
a n a l y s i s  o f  v a r i a n c e  v a l u e s .  

TABLE 4.-  ANALYSIS OF VARIANCE OF TENSILE DATA 

Category mean 

Autoclave S t e r i l i z a t i o n  C o m p a t i b i l i t y  

A l l  m a t e r i a l s  and components used i n  assembly of  b a t t e r i e s  
excep t  t h e  l i q u i d  m a t e r i a l s  ( d i s c u s s e d  below) were s u b j e c t e d  t o  
a d d i t i o n a l  t es t s  t o  e s t a b l i s h  c o m p a t i b i l i t y  w i t h  a u t o c l a v e  t e c h -  
n i q u e s  f o r  s t e r i l i z a t i o n ,  These t e s t s  were performed p r i n c i p a l l y  
f o r  i n f o r m a t i o n  purposes  because d r y  h e a t  was s t i p u l a t e d  a s  t h e  
p r e f e r r e d  s t e r i l i z a t i o n  method. 

Experimental  procedure.  - Appendix C d e s c r i b e s  t h e  a u t o c l a v e  
procedure t h a t  can  be summarized a s  exposure t o  steam a t  121OC 
and 21 p s i  f o r  20 minutes fol lowed by s t a b i l i z a t i o n  a t  room am- 
b i e n t  c o n d i t i o n s  f o r  24 h r .  T e s t  items were t h e n  i n s p e c t e d  f o r  
dimensional  and v i s u a l  evidence of  d e g r a d a t i o n .  

T e s t  r e s u l t s .  - Except f o r  t h e  c e l l o p h a n e  samples,  no appa ren t  
p h y s i c a l  changes were n o t e d .  Unsupported f i l m s  o f  ce l lophane  
showed dimensional  sh r inkage  o f  about  5%. A s  d e s c r i b e d  e a r l i e r ,  
t e n s i l e  t es t s  showed no s i g n i f i c a n t  change i n  p r o p e r t i e s  i n  t h e  
u n t r e a t e d ,  a u t o c l a v e d ,  and d r y  h e a t  w i t h  humidi ty  r e g e n e r a t i o n  
c e l l o p h a n e  samples .  Dry h e a t  was s e l e c t e d  f o r  t h e  subsequent  a s -  
sembly o p e r a t i o n s  because o f  i t s  p r i o r i t y  s t i p u l a t i o n  i n  t h e  con- 
t r a c t  p r o v i s i o n s ,  A 
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Liquid  Component S t e r i l i z a t i o n  C o m p a t i b i l i t y  

. . -  

Potass ium hydroxide i s  used a s  t h e  c e l l  e l e c t r o l y t e  and e t h y l  
a l c o h o l  i s  needed t o  p r e p a r e  t h e  c a s e  s e a l a n t .  S e p a r a t e  s t e r i l i -  
z a t i o n  t e s t s  were t h e r e f o r e  r e q u i r e d  f o r  t h e s e  chemicals  t o  a s s u r e  
s t e r i l i t y  i n  t h e i r  c o n t a i n e r s  when s u b j e c t e d  t o  d r y  h e a t  s t e r i l i -  
z a t i o n  i n  t h e  p a s s c l a v e .  

Experimental  p rocedure .  - For t h i s  experiment ,  250 m l  o f  each 
l i q u i d  m a t e r i a l  was placed i n  two 304 s t a i n l e s s  s t ee l  Hoke c y l i n -  
d e r s .  A s p o r e  s t r i p  was added t o  each  c y l i n d e r ,  and t h e  c y l i n d e r s  
were s e a l e d  w i t h  a screw plug wrapped i n  T e f l o n  t a p e .  The s e a l e d  
c y l i n d e r s  were t h e n  placed i n  t h e  a u t o c l a v e  chamber and hea ted  
a t  125OC f o r  60 h r .  A f t e r  h e a t i n g ,  t h e  c y l i n d e r s  were coo led ,  
removed from t h e  chamber, and opened. The s p o r e  s t r i p  from each 
c y l i n d e r  was removed and incuba ted  i n  50 m l  of  n e u t r a l  (-pH 7) 
TSB . 

T e s t  d a t a .  - No growth was noted on t h e  s p o r e  s t r i p s  a f t e r  
s t e r i l i z a t i o n ,  which i n d i c a t e d  t h a t  t h e  procedure was s a t i s f a c t o r y  
f o r  t r a n s f e r  of  t h e s e  l i q u i d s ,  

Assembly Autoclave S t e r i l i z a t i o n  

A s  an a d j u n c t  t o  t h i s  s t u d y ,  i t  appeared d e s i r a b l e  t o  i d e n t i f y  
t h e  h i g h e s t  l eve l  o f  assembly t h a t  could w i t h s t a n d  a u t o c l a v e  s ter-  
i l i z a t i o n .  A small  i n v e s t i g a t i o n  was t h e r e f o r e  conducted,  

Experimental  p rocedure .  - A s t a n d a r d  ESB S-25 c e l l  was pro-  
cured from t h e  ESB product ion  l i n e  a t  t h e  p o i n t  o f  s e a l i n g  t h e  
l i d  t o  t h e  c a s e .  The c e l l  was prepared f o r  a u t o c l a v i n g  by p u l l -  
i n g  t h e  c e l l  pack and l i d  up approximately 1 i n .  A f t e r  steam 
s t e r i l i z i n g  a t  121OC f o r  30 minutes a t  2 1  p s i  and a 72-hr ambient 
d r y i n g  p e r i o d ,  t h e  c e l l  pack was r e i n s e r t e d  i n  t h e  c a s e  and s e a l e d .  
The c e l l  was f i l l e d  w i t h  40% KOH and allowed t o  s t a n d  f o r  84 h r  
b e f o r e  i n i t i a t i o n  o f  e l e c t r i c a l  performance t e s t i n g .  I n  a d d i t i o n  
t o  t h e  fo rma t ion  cha rge  and letdown d i s c h a r g e ,  o p e r a t i o n a l  cha rge /  
d i s c h a r g e  c y c l e s  were conducted t o  y i e l d  d a t a  comparable w i t h  t h e  
o t h e r  t e s t  c e l l s  (see s e c t i o n  e n t i t l e d  ELECTRICAL PERFORMANCE). 

T e s t  r e s u l t s .  - F i g u r e s  1 and 2 show ave rage  c h a r g e / d i s c h a r g e  
c u r v e s  f o r  t h i s  c e l l  w i t h  i n d i v i d u a l  c y c l e  r e s u l t s  t a b u l a t e d .  
These e l e c t r i c a l  d a t a  a r e  s l i g h t l y  b e t t e r  t h a n  t h o s e  o b t a i n e d  w i t h  
t h e  135'6 d r y  h e a t  s t e r i l i z e d  c e l l s .  From t h i s  e x p l o r a t o r y  d a t a ,  
a u t o c l a v e  s t e r i l i z a t i o n  a t  t h e  h i g h e r  assembly level  shows g r e a t e r  
e l e c t r i c a l  d e g r a d a t i o n  t h a n  assembly w i t h  t h e  125'C c e l l o p h a n e ,  
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Cycle 1 2 3 4 5 6 Average 

Discharge 27.2 26.9 29.1 28.1 25.7 28.0 27.5 A-h 

0 1 2 3 
Discharge time, hr 

Figure 2.- Average Discharge Curve, ESB S-25, 8-A Discharge Rate 
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Conclusions 

1) A l l  c e l l  components e x c e p t  t h e  nylon c a s e  and cover  
and t h e  c e l l o p h a n e  s e p a r a t o r s  can  be s t e r i l i z e d  a t  
135°C f o r  60 h r  w i t h  no e v i d e n t  d e g r a d a t i o n ;  

f u l l y  s t e r i l i z e d  w i t h  d r y  h e a t  a t  135OC when s e a l e d  
i n  a s t a i n l e s s  s teel  c y l i n d e r ;  

3) The nylon  c a s e  and l i d  show dimensional  s h r i n k a g e  a f t e r  
d r y  h e a t  s t e r i l i z a t i o n  b u t  r e c o v e r  t o  meet the o r i g i n a l  
t o l e r a n c e s  when s u b j e c t e d  t o  h i g h  humidi ty  c o n d i t i o n s ;  

ment, and s h r i n k a g e  a f t e r  d r y  h e a t  s t e r i l i z a t i o n  b u t  
a n a l y s i s  of  tes t  d a t a  shows no s t a t i s t i c a l l y  s i g n i f i -  
c a n t  changes i n  t e n s i l e  p r o p e r t i e s  a f t e r  a u t o c l a v i n g  
o r  d r y  h e a t  fol lowed by l o n g  ambient exposures ;  

5) A l l  m a t e r i a l s  and components a r e  amenable t o  a u t o c l a v e  
s t e r i l i z a t i o n  p rocedures ,  b u t  dimensional  s h r i n k a g e  
o c c u r s  w i t h  t h e  c e l l o p h a n e  s e p a r a t o r  m a t e r i a l ;  

6) S u i t a b l e  s t e r i l i z a t i o n  procedures  a r e  a v a i l a b l e  t o  

2)  Fotass ium hydroxide and e t h y l  a l c o h o l  can be success -  

4 )  Cellophane s e p a r a t o r s  e x h i b i t  d a r k e n i n g ,  e m b r i t t l e -  

p e r m i t  component p a s s c l a v e  s t e r i l i z a t i o n  a s  p a r t  o f  
a s t e r i l e  assembly p rocess  f o r  b a t t e r i e s .  

1 
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ASSEMBLY OPERATIONS 

The merits of a sterile assembly operation must be evaluated 
on the basis of its impact on standard assembly procedures. Par- 
ticular attention must be given to the effects on the efficiency 
and attitudes of assembly personnel and the modifications from 
standard tooling and fixtures. Recognizing these implications, 
a planned program was initiated that involved a sequence of three 
types of assemblies. Initial assembly (standard cells) used parts 
and operating procedures based on the battery manufacturer's 
standard procedures. Modifications were made to these standard 
procedures that recognized the forthcoming use of this method 
under sterile isolator conditions. This phase concurrently per- 
mitted evaluation of the procedure and assurance of adequate op- 
erator training. In turn, the second phase (control cells) used 
the same assembly operations but substituted cell components that 
had been subjected to a sterilization cycle. The third phase 
(sterile cells) imposed a total sterile operation using the same 
assembly procedure with sterile components in a sterile isolator 
environment (see fig. 3 ) .  

The following subsections describe standard cell assembly op- 
eration, control cell assembly, and the sterile cell assembly. 
Conclusions are given at the end of the section. 
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Standard Cel l s  

The procedure used i n  t h e  assembly of  c e l l s  was developed from 
t h e  “Assembly Procedure f o r  ESB/EMED 7-11000-5 Dry Uncharged C e l l  , ‘ I  

provided by ESB I n c .  The s t e p  by s t e p  procedure w i l l  be found i n  
Appendix C of  t h i s  r e p o r t .  Before t h e  a c t u a l  assembly of t h e  
s t a n d a r d  c e l l s ,  t h e  assembly p r o c e s s  and t o o l i n g  were v e r i f i e d  by 
t h e  assembly t e c h n i c i a n s  u s i n g  sample c e l l  components. Concur- 
r e n t l y ,  t h i s  v e r i f i c a t i o n  se rved  t o  f a m i l i a r i z e  t h e  t e c h n i c i a n s  
w i t h  t h e  t o t a l  assembly sequence.  

Assembly of  t h e  1 2  s t a n d a r d  c e l l s  was performed on a n  open 
bench. The c e l l s  s e l e c t e d  f o r  t h i s  program were t h e  ESB/EMED 
7-11000-5 S-25 s i l v e r - z i n c  secondary c e l l .  T h i s  c e l l  has  a mini -  
mum c a p a c i t y  r a t i n g  of  25 A-h when d i s c h a r g e d  a t  l - h r  ra te .  Th i s  
t ype  c e l l  i s  r e g u l a r l y  manufactured by t h e  Exide Missile and 
E l e c t r o n i c s  D i v i s i o n  o f  ESB, I n c ,  who s u p p l i e d  t h e  c e l l  components 
f o r  t h i s  program. The c e l l  components a r e  d e s c r i b e d  i n  Appendix 
C of t h i s  r e p o r t .  

During t h e  review and v e r i f i c a t i o n  of  t h e  s t a n d a r d  assembly 
procedure provided by ESB, I n c ,  s e v e r a l  a r e a s  of  improvement were 
i d e n t i f i e d  and a r e  d e s c r i b e d  below. 

C e l l  assembly drawing e r r o r .  - During t h e  assembly of t h e  
sample c e l l s  i t  w a s  noted t h a t  t h e s e  were a n  e r r o r  i n  t h e  ESB as-  
sembly drawing, which would have made i t  imposs ib l e  t o  s e a t  t h e  
c e l l  cover  a f t e r  t h e  c e l l  pack w a s  i n  place.  ESB w a s  c o n t a c t e d  t o  
check t h e i r  e n g i n e e r i n g .  The c o r r e c t e d  dimensions as w e l l  as a 
r e v i s e d  e n g i n e e r i n g  drawing were s u p p l i e d  by ESB. The procedure 
and t o o l i n g  was changed and v e r i f i e d  b e f o r e  p roceed ing .  

Improved s o l d e r i n g  t e c h n i q u e s .  - I n  reviewing t h e  r e s t r i c t i o n s  
imposed by o p e r a t i o n  i n  t h e  c l o s e d  environment of  a n  i s o l a t o r  s y s -  
t e m ,  i t  was a p p a r e n t  t h a t  t h e  u s e  of a 200-W s o l d e r i n g  i r o n  rec-  
ommended by ESB f o r  t e r m i n a l  s o l d e r i n g  o p e r a t i o n s  would p r e s e n t  
a p o s s i b l e  h a z a r d ,  I n v e s t i g a t i o n s  i n d i c a t e d  t h a t  a low-vol tage,  
c a r b o n - r e s i s t a n c e ,  s o l d e r i n g  t o o l  would p rov ide  s a t i s f a c t o r y  t e r -  
mina l  s o l d e r i n g .  An a p p r o p r i a t e  t o o l  w a s  c o n s t r u c t e d ,  which could 
w i t h s t a n d  t h e  s t e r i l i z a t i o n  environment,  and was used f o r  a l l  
s o l d e r i n g  o p e r a t i o n s  on t h e  program. 

Nylon c e l l  c a s e  s e a l i n g .  - The c e l l  case /cover  s e a l i n g  p rocess  
used on t h e  c e l l  assembly l i n e  by ESB was n o t  s u i t a b l e  f o r  i s o l a t o r  
u s e .  T h e r e f o r e ,  i t  was n e c e s s a r y  t o  develop a n  i s o l a t o r  a d a p t a b l e  
s e a l i n g  t echn ique  f o r  t h e  nylon c e l l  c a s e s .  
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Table 5 l i s t s  t h e  exper imenta l  s e a l a n t s  i n v e s t i g a t e d  and t h e  
r e s u l t s  ob ta ined  u s i n g  l x % - i n .  nylon t e s t  s t r i p s .  Adhesions were 
o b t a i n e d  w i t h  s e a l a n t  f o r m u l a t i o n s  C and D .  To v e r i f y  t h e i r  
adequacy f o r  c e l l  assembly usage,  two nylon  c e l l  c a s e s / l i d s  were 
bonded w i t h  each f o r m u l a t i o n ,  cu red  a t  25OC f o r  1 2  h r ,  and t e s t e d  
a t  15 p s i  i n t e r n a l  p r e s s u r e .  No f a i l u r e s  of  t h e  bonds occur red  
under t h e s e  c o n d i t i o n s .  A d e c i s i o n  was made t o  use  s e a l a n t  C i n  
t h e  assembly o p e r a t i o n s  because of t h e  more c a u s t i c  n a t u r e  of 
s e a l a n t  D. 

TABLE 5 .  - NYLON CELL CASE SEALANTS 

S e a l a n t  

A 

B 

C 

D 

Compound 

2 g 828 epoxy 
2 g V-40  

. 2 5  g 80% e t h a n o l  

.25 g Reso rc ino l  

2 g 828 epoxy 
2 g V-40  

.05 g 80% e t h a n o l  

.05 g Resorc inol  

5 g 80% e t h a n o l  
5 g Reso rc ino l  

5 g 88% phenol 

S e t  t ime/ 
t empera tu re  

1 2  h r /  2 5 O C  

1 2  h r /  2 5 O C  

1 2  h r l 2  5 O C  

1 2  / h r /  2 5 O C  

Res u l  t s 

No bond 

No bond 

Bonded 

Bonded 

No o t h e r  d i f f i c u l t i e s  were encountered i n  t h e  assembly of  t h e  
s t a n d a r d  c e l l s .  

C o n t r o l  C e l l s  

C e l l  components f o r  t h e  1 2  c o n t r o l  c e l l s  were prepared f o r  
s t e r i l i z a t i o n  and s u b j e c t e d  t o  a s t e r i l i z a t i o n  c y c l e  as d e s c r i b e d  
i n  Appendix C .  

The assembly of  t h e s e  c e l l s  was accomplished on a n  open bench 
w i t h  t h e  same procedure used i n  t h e  assembly of  t h e  s t a n d a r d  
c e l l s .  No d i f f i c u l t i e s  were encountered i n  assembly of  t h e s e  
c e l l s ,  
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Sterile Assembly 

. . -  

Sterile assembly of the cells required that (1) the equipment 
and materials be sterilized before assembly; (2) the entire as- 
sembly process be conducted in a presterilized atmosphere isolated 
from the operator; (3) rigid procedural controls be instituted 
to avoid introducing contamination, and ( 4 )  biological monitoring 
be conducted to detect breaches of security. The total procedures 
for accomplishing these are in Appendix C and E of this report. 

Assembly of the sterile assembled cells was accomplished with- 
in the controlled environment of the sterile isolator system by 
the same technicians who assembled the cells in the open bench 
phases of the program. The cells were assembled using the same 
procedure used for assembly of the standard (nonsterile) cells 
and the control (sterile/nonsterile) cells. 

The first 12 of the sterile assembled cells were constructed 
using cellophane separator material that had been dry heat ster- 
ilized at 1 3 5 O C  for 60 hr. The cellophane showed considerable 
darkening in color and was difficult to handle because of brittle- 
ness of the cellophane. 
raised by admitting steam from the passclave into the isolator 
system. 
a flexibility permitting folding without cracking of the film. 
The remaining 12 cells were assembled with cellophane sterilized ' 

at 125OC for 60 hr to provide comparative data with the 135OC 
units. 

The humidity of the isolator system was 

With the humidity at 35 to 40%, the cellophane regained 

Conclusions 

Based on a review of the data obtained from this portion of 
the program, the following conclusions have been reached: 

No apparent difficulties were noted in the assembly 
of silver-zinc cells of the S-25  type in a sterile 
isolator environment; 

The assembly of sterile silver-zinc cells or batteries, 
in properly designed isolator systems, is feasible; 

Use of a high relative humidity in the isolator sys- 
tem rectified the handling problems with the dry heat 
sterilized cellophane, 
can introduce adverse effects on some materials, further 
investigation is warranted to eliminate this constraint 
on the use of cellophane separators; 

The efficiency of the technicians assigned to this pro- 
gram was not hampered materially by the constraints of 
the isolator system. 

Because high relative humidity 
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ELECTRICAL PERFORMANCE 

The f e a s i b i l i t y  o f  s t e r i l e  assembly o f  b a t t e r i e s  depends on 
t h e  impact of  t h i s  mode of  assembly on t h e  performance c h a r a c t e r -  
i s t i c s  o f  t h e  b a t t e r i e s .  Of pr imary i n t e r e s t  i s  any  evidence o f  
d e g r a d a t i o n  i n  e l e c t r i c a l  performance. Accord ingly ,  a sequence 
o f  e l e c t r i c a l  performance t e s t s  . w a s  conducted t o  o b t a i n  d a t a  pe r -  
m i t t i n g  comparat ive a n a l y s i s  o f  t h e  s t a n d a r d ,  c o n t r o l ,  and s t e r i l e  
assembled c e l l s .  T h i s  s e c t i o n  d e s c r i b e s  t h e  e l e c t r i c a l  t e s t i n g  
and t h e  d a t a  o b t a i n e d ;  compares t h e  performance o f  t h e  s t a n d a r d ,  
c o n t r o l ,  and s t e r i l e  c e l l  g roups ;  and p r e s e n t s  c o n c l u s i o n s  based 
on t h i s  e l e c t r i c a l  performance d a t a .  

Technica l  Approach 

Fol lowing assembly and f i l l i n g  w i t h  e l e c t r o l y t e ,  each c e l l  
was e l e c t r i c a l l y  cyc led  on a n  i n d i v i d u a l  b a s i s  i n  accordance w i t h  
t h e  g e n e r a l  i n s t r u c t i o n s  provided by ESB. Each c e l l  r e c e i v e d  a 
format ion  charge and a letdown d i s c h a r g e  w i t h i n  3 t o  14 days a f t e r  
a c t i v a t i o n  fol lowed by f o u r  a d d i t i o n a l  c h a r g e / d i s c h a r g e  c y c l e s .  

C e l l  c h a r g i n g .  - Each c e l l  was format ion  charged a t  2 .0  A 
c o n s t a n t  c u r r e n t  t o  a n  end o f  charge v o l t a g e  o f  2 . 1  V.  The sub- 
sequen t  o p e r a t i o n a l  cha rge  procedure w a s  i d e n t i c a l  t o  t h e  forma- 
t i o n  cha rge .  F i g u r e  4 r e p r e s e n t s  t y p i c a l  charge v o l t a g e  vs  t ime 
c u r v e s  f o r  t h e  s t a n d a r d ,  c o n t r o l ,  and s t e r i l e  c e l l  g roups .  The 
s i g n i f i c a n t l y  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  t h e  c e l l  d u r i n g  forma- 
t i o n  charge and t h e  subsequent  o p e r a t i o n a l  c h a r g e s  i s  i n d i c a t e d  
by the  broken and s o l i d  l i n e s .  The format ion  cha rge  i s  r e q u i r e d  
t o  s t a b i l i z e  t h e  o p e r a t i o n  of a new c e l l  and t h e  d i f f e r e n c e s  a r e  
normal c h a r a c t e r i s t i c s  f o r  c e l l  performance. The c e l l  c h a r g i n g  
procedure  and t h e  cha rg ing  c i r c u i t  a r e  d e s c r i b e d  i n  Appendix D .  
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Charge time, h r  

(a) Cel ls  1 thru  1 2  (standard c e l l s )  

(b) Cel l s  13 t h r u  24 (control  c e l l s )  

Figure 4 . -  Average Charge Curves, 2-A Rate 
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Charge t i m e ,  h r  

(d) Cells 37  t h r u  4 8  ( s t e r i l e  c e l l s  w i t h  125'C c e l l o p h a n e )  

F i g u r e  4 . -  Concluded 
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Cell discharging. - The letdown discharge following the for- 
mation charge was conducted at 4 A constant current to an end of 
discharge voltage of 1.0 V. 
formance for the formation or letdown discharge of the standard, 
control and sterile cell groups. 
the letdown discharge variations are normal characteristics for 
cell performance. 
lished at 25 A constant current (the 1 hr rate for this cell) to 
an end of discharge voltage of 1.0 V. Experience with this dis- 
charge rate during the first operational discharge (cycle 2) of 
cells 1 thru 4 ;indicated that the rapid change in voltage near 
the end of discharge made the determination of the discharge time 
to 1.0 V difficult to measure accurately. 
characteristic is clearly shown in figure 6(a). 
rate was therefore changed to 10 A to reduce the rate of change 
of cell voltage near the end of discharge, 
procedure and the discharging circuit are described in AppendixC, 

Figure 5 shows the spread in per- 

Similar to the formation charge, 

The initial operational discharges were estab- 

This voltage change 
The discharge 

The cell discharging 

Data recording, - During each cell electrical test cycle the 
charge and discharge current, the cell terminal voltage, and time 
were recorded at regular intervals of not more than 1 hr and near 
the end of charge or discharge the recordings were taken at 5 to 
10 minute intervals, 
technicians conducting the tests from readings on both analog and 
digital instrumentation. 

The data were recorded manually by the 
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24 

Discharge time, hr 
(a) Cells 1 thru 12 (standard cells) 



c 

Discharge time, hr 

(c) Cella 25 thru 36 ( s t e r i l e  c e l l s  with 135'C cellophane) 

Discharge time, hr 

Cells 37 thru 48 ( s t e r i l e  c e l l s  with 125OC cellophane) (a) 

Figure 5 .- Concluded 
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Standard Cell Performance 

The cell discharge voltage vs time data for the standard 
cells (1 thru 12) is shown for cycles 2, 3, 4, and 5 in figure 6. 
The two solid line curves in this figure indicate the spread in 
performance during cycles 2, 3, 4, and 5, The discharge data for 
cycle 2 shows the 25 A discharge of cells 1 thru 4 separately 
from the 10 A discharge of cells 5 thru 12. The cell voltage 
during the fifth discharge cycle varied from 1.52 to 1.48 V or a 
difference of approximately 40 mV during the early portion of 
the discharge at the Ag2O level of the positive electrode before 
the rapid voltage drop associated with the end of discharge. 
end of discharge time to 1.0 V varied from 3.55 to 3.17 hr or a 
difference of 0.38 hr. At the 10-A discharge rate, this repre- 
sents a 3.8 A-h spread during a total of 12 discharges. The 
broken line in figure 6(d) presents the average discharge curve 
for the 12 standard cells during the fifth cycle, indicating 
that the average Ag20 discharge voltage was approximately 1.51 V 
and the discharge capacity was 33.0 A-h. 

The 

The data in table 6 summarize the charge and discharge 
ampere-hours for the standard cell group. Average values for the 
ampere-hours accepted on charge and delivered on discharge are 
shown for each cell for cycles 2 thru 5 and for all cells for 
each cycle. Cycle efficiency numbers based on the charge and 
discharge ampere-hours are also included. 
for the standard cell group are summarized in the lower right- 
hand portion of the table and indicate that the average values 
for charge and discharge are 32.8 and 31.4 A-h, respectively, 
with an efficiency of 95.7%. The discharge data obtained during 
the letdown discharge (cycle 1) at 4 A for all 12 cells and the 
cycle 2 discharge at 25 A for cells 1 thru 4 have been excluded 
from these averages, 

The performance numbers 
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Legend: - Note: 1. Cells 1 t h r u  4 were discharged - Cells 5 t h r u  12 a t  25 A. 
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Discharge time, h r  

c e l l s  1 t h r u  4 and 5 t h r u  12  
(a) Cycle 2 discharge,  composite of 

Discharge time, h r  

(b) Cycle 3 discharge,  c e l l s  1 t h r u  12  

Figure 6 . -  Standard Cel l  Discharge Curves, 10-A Rate 



Discharge time, h r  

(c) Cycle 4 discharge, c e l l s  1 thru 12 

Discharge time, h r  

(d) Cycle 5 discharge, c e l l s  1 thru 12 

Figure 6 .- Concluded 
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Control Cell Performance 

The cell discharge voltage vs time data for the control cells 
(13  thru 24)  is shown for cycles 2 ,  3 ,  4 ,  and 5 in figure 7. The 
two solid curves in this figure indicate the spread in performance 
during cycles 2, 3 ,  4 ,  and 5 ,  The cell voltage during the fifth 
discharge cycle varied from 1 .54  to 1.50 V or a difference of 
approximately 40 mV during most of the discharge at the Ag20 level 
of the positive electrode before the rapid voltage drop at the 
end of discharge. 
3.39 to 3.28 hr or a difference of 0.11 hr. At the 10-A dis- 
charge rate, this represents a 1.1 A-h spread during a total of 
12 discharges. The broken line in figure 7(d) presents the 
average discharge curve for the 1 2  control cells during the 
fifth cycle indicating that the average Ag20 discharge voltage was 
approximately 1.52 V, and the discharge capacity was 33.6 A-h. 

The end of discharge time to 1.0 V varied from 

The data in table 7 summarize the charge and discharge ampere- 
hours for the control cell group. 
hours accepted on charge and delivered on discharge are shown in 
the same manner as previously described for the standard cell 
group. The performance numbers for the control cell group are 
summarized at the lower right of the table and indicate that the 
average values for charge and discharge are 33.1 and 32.5 A-h, 
respectively, with an efficiency of 98.2%. The discharge data 
obtained during the letdown discharge (cycle 1) at 4 A have been 
excluded from the average so that the information would be on 
the same basis of 2 A charge and 10 A discharge as previously 
presented for the standard cells. 

Average values for the ampere- 
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Discharge t i m e ,  h r  
(a)  Cycle 2 discharge,  c e l l s  13 t h r u  24 

Discharge t i m e ,  h r  
(b) Cycle 3 discharge,  c e l l s  13 t h r u  24 

Figure 7.- Control C e l l  Discharge Curves, 10-A Rate 
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Figure 7.- Concluded 
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Sterile Cell Performance 

> -  

Cells with cellophane sterilized at 135OC, - The cell dis- 
charge voltage vs time data for the sterile cells with cellophane 
sterilized at 135% (cells 25 thru 36) are shown for cycles 2, 
3, 4 ,  and 5 in figure 8. 
figure indicate the spread in performance during cycles 2, 3, 4, 
and 5, 

The two solid line curves in this 

The cell voltage during this fifth discharge cycle varied 
from 1.53 50 1.52 V or a difference of approximately 10 mV during 
most of the discharge at the Ag20 level of the positive electrode 
before the rapid voltage drop at the end of discharge, 
of discharge time to 1.0 V varied from 2.75 to 1.92 hr or a dif- 
ference of 0.83 hr. At the 10-A discharge rate, this represents 
a 8.3 A-h spread during a total of 12 discharges, The broken 
line in figure 8(d) presents the average discharge curve during 
the fift cycle for sterile cells 25 thru 36, indicating that the 
average Ag20 discharge voltage was approximately 1.52 V and the 
discharge capacity was 25.1A-h. 

The end 

The data in table 8 summarize the charge and discharge ampere- 
hours for the cells with cellophane sterilized at 135OC. 
values for the ampere-hours accepted on charge and delivered on 
discharge are shown in the same manner as previously described 
for the standard and control cell groups. The performance num- 
bers for the 135OC group are summarized at the lower right of 
the table and indicate that the average values for charge and 
discharge are 28.0 and 26.2 A-h, respectively, with an efficiency 
of 93.6%. The data obtained during the letdown discharge (cycle 
1) at 4 A have been excluded from the average as previously dis- 
cussed for the standard and control cell groups. 

Average 
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Discharge t i m e ,  h r  
(a)  Cycle 2 d ischarge ,  c e l l s  25 t h r u  36 
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Discharge t i m e ,  h r  
(b) Cycle 3 discharge ,  cel ls  25 t h r u  36 

F igure  8.- S t e r i l e  C e l l  Discharge Curves, 10-A Rate  (135'C Cellophane C e l l s )  
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Discharge t i m e ,  h r  

Cycle 4 discharge,  c e l l s  25 t h r u  36 (c) 
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Discharge time, h r  
Cycle 5 discharge,  c e l l s  25 t h r u  36 (d) 

Figure 8 .- Concluded 
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Cells with cellophane sterilized at 125OC. - Immediate ad- 
dition of electrolyte after assembly of cellophane zinc cells 
may not always be practiced or desired, Therefore, it appeared 
to be valuable to ascertain if delayed addition of electrolyte 
(i.e., storage in a dry condition) would materially affect elec- 
trical performance. Cells 37-44 were, therefore activated immedi- 
ately after assembly; cells 45-48 were stored for 10 weeks prior 
to electrolyte addition. 

125OC sterile cells activated immediately: The cell 
discharge voltage vs time data for the sterile cells with cello- 
phane sterilized at 125OC and activated immediately (cells 37 
thru 44) are shown for cycles 2, 3,  4, and 5 in figure 9. The 
two solid line curves in this figure indicate the spread in per- 
formance during cycles 2, 3 ,  4 ,  and 5. 
the fifth discharge cycle varied from 1.54 to 1.51 V or a dif- 
ference of approximately 30 mV during most of the discharge at 
the Ag20 level of the positive electrode before the rapid volt- 
age drop at the end of discharge. The end of discharge time to 
1,O V varied from 3,46 to 3.09 hr or a difference of 0.37 hr. 
At the 10-A discharge rate, this represents a 3.7 A-h spread 
during a total of 8 discharges. The broken line in figure 9(d) 
presents the average discharge curve for sterile cells 37 thru 
44, indicating that the average Ag20 discharge voltage was 
approximately 1.52 V and the discharge capacity was 32.8 A-h. 

The cell voltage during 

The data in upper table 9 summarize the charge and discharge 
ampere-hours for the cells with cellophane sterilized at 125OC 
and activated immediately, 
accepted on charge and delivered on discharge are shown in the 
same manner as previously described for the standard and control 
cell groups. 
group are summarized at the center right of the table and indi- 
cate that the average values for charge and discharge are 32.4 
and 31.2 A-h, respectively, with an efficiency of 96.3%. The 
data obtained during the letdown discharge (cycle 1) at 4 A have 
been excluded from these averages as previously discussed for 
the standard and control cell groups. 

Average values for the ampere-hours 

The performance numbers for the activated l25OC 
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(a) Cycle 2 discharge, cells 37 thru 44 

Discharge time, hr 

(b) Cycle 3 discharge, cells 37 thru 44 

Figure 9.- Sterile Cell Discharge Curves, 10-A Rate 
(125OC Cellophane Activated Cells) 
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Discharge time, hr 

(c) Cycle 4 dLscharge, c e l l s  37  thru 44 

Discharge time, hr 

(d) Cycle 5 discharge, c e l l s  3 7  thru 44 

Figure 9.- Concluded 
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125OC sterile cells activated after 10 weeks dry storage: 
The cell discharge voltage vs time data for the sterile cells 
with cellophane sterilized at 125'6 and stored 10 weeks before 
activation (cells 45 thru 48) are shown for cycles 2 ,  3 ,  4 ,  
and 5 in figure 10, 
indicate the spread in performance during cycles 2, 3, 4, and 5. 

The two solid line curves in this figure 

The cell voltage durtng the fifth discharge cycle varied 
from 1.53 to 1.51 V or a difference of approximately 20 mV during 
most of the discharge at the Ag20 level of the positive electrode 
before the rapid voltage drop at the end of discharge. The end 
of discharge time to 1.0 V varied from 2.93 to 1.93 hr or a dif- 
ference of 1 hr. At the 10-A discharge rate, this represents a 
10 A-h spread during a total of 4 discharges. The broken line 
in figure lO(d) presents the average discharge curve for sterile 
cells 45 thru 48, indicating that the average Ag20 discharge 
voltage was approximately 1.52 V and the discharge capacity was 
26.2 A-h, 

The data in lower table 9 summarize the charge and discharge 
ampere-hours for the stored cells with cellophane sterilized at 
125OC. Average values for the ampere-hours accepted on charge 
and delivered on discharge are shown in the same manner as 
previously described for the standard and control cell groups, 
The performance numbers for the stored 125OC group are summarized 
at the lower right of the table and indicate that the average 
values for charge and discharge are 30.0 and 29.6 A-h, respec- 
tively, with an efficiency of 98.7%. The data obtained during 
the letdown discharge (cycle 1) at 4 A have been excluded from 
these averages as previously discussed for the standard and 
control cell groups. 
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Discharge time, hr 

(a) Cycle 2 discharge, cells 37 thru 44 

Discharge time, hr 

(b) Cycle 3 discharge, cells 37 thru 44 

Figure 10.- Sterile Cell Discharge Curves, 10-A Rate 
(125OC Cellophane Stored Cells) 
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Discharge time, hr 

(c) Cycle 4 discharge, c e l l s  3 7  thru 44 

Discharge time, hr 

(d) Cycle 5 discharge, c e l l s  37 thru 44 

Figure 10. - Concluded 
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Cell Performance Comparison 

- The cell discharge 
voltage vs time data for the two sterile cell groups with cello- 
phane sterilized at 125OC (cells 37 thru 45 and 45 thru 48) are 
shown in figure 11 for cycle 5 in comparison with the 135O cello- 
phane cells, 
three cell groups by three sets of curves. 
represents the spread of performance of cells using cellophane 
sterilized at 135OC (cells 25 thru 36). 
represents the 125OC cells (37 thru 44) which were treated the 
same as the 135% cells (25 thru 36), that is, electrolyte was 
added without a dry stand period, 
time to end of discharge to 1.0 V between the 135OC cellophane 
cells and these activated 125OC cellophane cells is 1-24 hr; the 
difference in longest time is 0-66. At the 10-A discharge rate 
these represent 12.4 and 6.6 A-h reductions respectively for the 
135OC cellophane cells for cycle 5. Data plotted in the remain- 
ing set of curves represent the 125OC cells (45 thru 48) which 
were dry-stored for 10 weeks prior to addition of electrolyte. 
The difference in shortest time to end of discharge to 1.0 V 
between stored cells and the other 125% cellophane cells is 
0-35 hr; the difference in longest time is 0.42. At the 10-A 
discharge rate these represent 3.5 and 4.2 A-h reductions for 
the stored-in-dry-condition cells, for cycle 5. 

Minimum and maximum values have been shown for the 
One set of curves 

The second set of curves 

The difference in shortest 
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Comparison of cell average performance (cycle 5). - In order 
to further summarize the discharge characteristics for each cell 
group, the average data for cycle 5 presented in tables 6 thru 9 
is compared in table 10. 
performance of the standard, control, and 125OC sterile cell 
groups on the basis of charge and discharge ampere-hours and 
efficiency, the effect of sterilizing cellophane at 135% and 
the effect of delayed activation, 
delayed activation at 125OC cellophane cells and the larger l o s s  
with 135OC cellophane cells is also shown in the table, 

These data indicate the similarity in 

The small difference of 

TABU 10, 

Performance 
characteristics 

Charge, A-h 

Discharge , A-h 
Cycle efficiency, % 

CetL GROU 

Standard 

33.8 

33.0 

97.6 

AVERAGE I 

Control 

33.8 

33.6 

99.2 

TA COMPARISON FOR CYCLE 5 

135°C 
cellophane 

27.1 

25.1 

92.6 

Sterile 
125OC 

:ellophane 
tctivat ed 

33.4 

32.7 

97.9 

125OC 
:el lophane 
stored 

29.9 

29.0 

97.0 

The average cell discharge voltage vs time data for cycle 5 

These curves indicate the average discharge voltage was 
is shown in figure 12 for the standard, control, and sterile cell 
groups, 
essentially the same for all cell groups and that ampere-hours 
during discharge were essentially the same for the control cell 
group, the standard cell group, and the sterile cell subgroup 
with cellophane sterilized at 125OC with immediate electrolyte 
addition, 
at 135OC produced approximately 23% less ampere-hours. 
cells with delayed electrolyte addition showed an 11% loss in 
capacity when compared with the other 125OC cells. 

The sterile cell subgroup with cellophane sterilized 
The 125O 

48 



1. 

1. 
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- *  - Cel l s  1 t h r u  1 2  average  ( s t anda rd  c e l l s )  

Cel ls  13 t h r u  24 average  ( c o n t r o l  c e l l s )  

_.-- C e l l s  25 t h r u  36 average  (135OC c e l l s )  

0- Cel ls  37 t h r u  44 average  (125OC ce l l s )  

-----I+ Cel l s  45 t h r u  48 average  (125OC p l u s  s t o r a g e  ce l l s )  

1 2 
Discharge  t i m e ,  

3 
hr, 

4 

F i g u r e  12.- Average Discharge  Comparison, Cycle  5 
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Conclusions 

1) The ESB 5-25 silver-zinc cell sterile assembled 
with 125% dry heat sterilized cellophane shows no 
notable change in electrical performance charac- 
teristics over five chargefdischarge cycles; 

2) Significant reduction in electrical performance 
(23% after 5 cycles) occurs with sterile assembled 
cells using 135OC dry heat sterilized cellophane; 

3) Minor reduction in electrical performance (11% 
after 5 cycles) occurs with delayed electrolyte 
addition to cells assembled with 125OC cellophane; 

4 )  Sterile assembly of the ESB S-25 cell appears to 
be a feasible backup to present investigations to 
develop a heat sterilizable battery. 
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BIOLOGICAL ASPECTS 

S t e r i l e  assembly of any  complex o b j e c t  r e q u i r e s  t h a t  t h e  en- 
t i r e  procedure from p i e c e  p a r t s  through t h e  f i n i s h e d  product  be 
c o n t r o l l e d  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of  i n t r o d u c i n g  a s i n g l e  
v i a b l e  organism i n t o  t h e  manufactur ing p r o c e s s .  I m p l i c i t  i n  t h i s  
phi losophy i s  t h e  s t e r i l i z a t i o n  of t h e  p a r t s  and mater ia ls  going 
i n t o  t h e  assembly, s t e r i l i z a t i o n ,  and maintenance of t h e  s t e r i l i t y  
of t h e  assembly environment and s t e r i l i t y  t e s t i n g  of t h e  f i n i s h e d  
product t o  v e r i f y  t h a t  t h e  preceding  s t e p s  d i d  no t  i n t r o d u c e  con- 
t a m i n a t i o n .  I n  d e s i g n i n g  a m i c r o b i o l o g i c a l  moni tor ing  and t e s t  
program, i t  i s  n e c e s s a r y  t o  choose among d i r e c t  and i n d i r e c t  tes t  
methods t o  be employed a t  g i v e n  p o i n t s  i n  t h e  assembly sequence. 
Direct m i c r o b i o l o g i c a l  a s s a y s  posses s  a n  i n h e r e n t l y  h igh  r i s k  of 
contaminat ing  t h e  t e s t  a r t i c l e  i n  t h e  v e r y  a c t  of  performing t h e  
a s s a y  u n l e s s  performed under s t e r i l e  c o n d i t i o n s .  On t h e  o t h e r  
hand, i n d i r e c t  s t e r i l i t y  t e s t i n g  p rov ides  i n f o r m a t i o n  as t o  t h e  
e f f i c a c y  of t h e  s t e r i l i z a t i o n  t echn ique  o n l y  w i t h i n  t h e  l i m i t s  
and v a r i a b i l i t y  of t h e  i n d i c a t o r  system. I n  e i t h e r  case,  s t e r i l -  
i t y  t e s t i n g  cannot  a f f i r m  t h e  t o t a l  absence of organisms; i t  can  
o n l y  e s t a b l i s h  t h a t  no ev idence  of  contaminat ion  has been e s t a b -  
l i s h e d  i n  t h e  sample a s s a y s .  P r e s e n t  p r a c t i c e ,  t h e r e f o r e ,  assumes 
t h a t  s t e r i l i t y  e x i s t s  i f  organisms cannot  be recovered  by t h e s e  
t echn iques .  

I n  e x p l o r i n g  t h e  f e a s i b i l i t y  of s t e r i l e  assembly of a n  o b j e c t ,  
t h e  s t e r i l i t y  t e s t i n g  procedures  must demonstrate  t h a t :  

1) The i n d i v i d u a l  components o r  p a r t s  of t h e  assembly 

2) The assembly environment and p r o c e s s  c o n t r i b u t e  no 

3 )  The assembled o b j e c t  i s  s t e r i l e .  

a r e  i n i t i a l l y  s t e r i l e ;  

contaminat  i o n ;  

It i s  a l s o  n e c e s s a r y  t h a t  t h e  t es t  methods be u n i v e r s a l l y  recog-  
n i z e d  and a c c e p t e d  as  v a l i d  t o  minimize t h e  v a r i a b i l i t y ,  e s p e c i a l l y  
o f  t h e  i n d i r e c t  a s s a y  methods. I n  t h e  a e r o s p a c e  i n d u s t r y ,  i t  has  
become common p r a c t i c e  t o  employ commercially ava i , l ab l e  s p o r e  i m -  
pregnated s t r i p s  f o r  i n d i r e c t  s t e r i l i t y  t e s t i n g  coupled w i t h  t h e  
m i c r o b i o l o g i c a l  a s s a y  methods d e s c r i b e d  i n  NHB 5340.1, "NASA 
Standard Procedures  f o r  t h e  M i c r o b i o l o g i c a l  Examination of Space 
Hardware." The s t e r i l i t y  t e s t i n g  methods employed d u r i n g  t h i s  
program were e i t h e r  d i r e c t l y  t a k e n  from t h e s e  NASA procedures  o r  
w e r e  s l i g h t l y  modif ied forms of  them. These t e c h n i q u e s ,  as  used 
i n  t h i s  program, a r e  d e s c r i b e d  i n  d e t a i l  i n  Appendix E ,  Micro- 
b i o l o g i c a l  Assay Materials and Methods. 
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Preassembly S t e r i l i z a t i o n  V e r i f i c a t i o n  

Before s t a r t i n g  t h e  a c t u a l  assembly o p e r a t i o n s )  i t  w a s  neces-  
s a r y  t o  v e r i f y  t h a t  t h e  v a r i o u s  environments t o  be employed were 
c a p a b l e  of  i nduc ing  and m a i n t a i n i n g  s t e r i l i t y  of  t h e  components 
involved i n  f a b r i c a t i n g  a s t e r i l e  b a t t e r y .  A series of  e x p e r i -  
ments w a s  conducted t o  v e r i f y  t h e  d r y  h e a t  and steam s t e r i l i z a -  
t i o n  c a p a b i l i t y  of  t h e  i s o l a t o r  p a s s c l a v e  and t h e  s t e r i l i t y  of  
t h e  i s o l a t o r  assembly environment.  

P a s s c l a v e  d r y  h e a t  c y c l e .  - An i n i t i a l  d r y  h e a t  c y c l e  of 125°C 
f o r  60 h r  was chosen and v e r i f i e d  by means of  i n d i r e c t  a s s a y  
methods. T y p i c a l  c e l l  p a r t s  and materials were wrapped i n  a l u -  
minum f o i l  a l o n g  w i t h  a spore-dex  s t r i p  (AMSCO, Er ie ,  Pa.)  and 
p l aced  i n  t h e  chamber i n  a t h i c k - w a l l e d  aluminum box. The chamber 
w a s  t h e n  f i l l e d  w i t h  d r y  n i t r o g e n  and h e a t e d  t o  125OC f o r  60 h r .  
A t  t h e  c o n c l u s i o n  of t h e  c y c l e ,  t h e  package w a s  t r a n s f e r r e d  i n t o  
t h e  f i r s t  i s o l a t o r  chamber, opened, and t h e  s p o r e  s t r i p  a s e p t i -  
c a l l y  removed and m i c r o b i o l o g i c a l l y  assayed  by t h e  method d e s c r i b e d  
i n  Appendix E .  R e p l i c a t e  samples o f  a l l  t h e  p a r t s  and mater ia ls  
r e q u i r e d  f o r  c e l l  assembly showed no con tamina t ion .  To add f u r -  
t h e r  r e l i a b i l i t y  t o  t h e  c y c l e ,  i t  was dec ided  t o  p r e h e a t  t h e  cham- 
b e r  and p a r t s  t o  125OC f o r  4 h r  b e f o r e  i n s t i t u t i n g  t h e  c y c l e  on 
p a r t s  t o  be employed i n  a c t u a l  c e l l  assembly.  The e f f i c a c y  of  
t h i s  c y c l e  i n  a c t u a l  u s e  i s  shown i n  t a b l e  11. 

Autoclave cycle.  - Autoclav ing  (as a backup t o  d r y  h e a t )  f o r  
assembly t o o l s  and materials w a s  e s t a b l i s h e d  by p r e p a r i n g  packages 
c o n t a i n i n g  t h e  p a r t s  and a s p o r e  s t r i p  l o c a t e d  w i t h i n  t h e  package 
i n  t h e  most i n v u l n e r a b l e  p o s i t i o n  p o s s i b l e  w i t h  r e s p e c t  t o  steam 
p e n e t r a t i o n .  I n d i v i d u a l  t o o l s  were prepared by t a p i n g  s p o r e  s t r i p s  
t o  t h e  s u r f a c e .  M u l t i p l e  t es t  r u n s  e s t a b l i s h e d  t h e  optimum c y c l e  
t o  be t h e  c i r c u l a t i o n  of  f lowing  steam through t h e  chamber f o r  
5 minutes  fol lowed by a p r e s s u r i z e d  steam c y c l e  of  121°C a t  21 p s i  
f o r  30 minu tes .  The u s e  of t h i s  c y c l e  produced s t e r i l i t y  i n  a l l  
t e s t  and o p e r a t i n g  c a s e s  as shown i n  t a b l e s  12 and 13. 

I s o l a t o r  s t e r i l i t y .  - Before  t h e  f a b r i c a t i o n  o f  t h e  c e l l s ,  
t h e  i s o l a t o r  system was s t e r i l i z e d  by means of p e r a c e t i c  a c i d  and 
e t h y l e n e  o x i d e  a s  d e s c r i b e d  i n  Appendix E .  Spore s t r i p s  were 
s t r a t e g i c a l l y  l o c a t e d  throughout  t h e  system t o  v e r i f y  t h e  e f f i c a c y  
of  t h e  s t e r i l i z a t i o n  p rocedure .  Subsequent a s s a y  of  t h e  s t r i p s  
i n d i c a t e d  t o t a l  d e s t r u c t i o n  of  t h e  s p o r e s  by t h e  s t e r i l i z a t i o n  
procedure.  

a 
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TABLE 11.- HARDWARE FOR STERILE CELL ASSEMBLY 

I t e m  

1. 
2.  
3 .  
4 .  
5. 
6 .  

7 .  
8. 
9 .  
10 * 

11. 
1 2 .  
13. 
14. 
15. 
16.  
1 7 .  
18.  
19. 
20.  
2 1 .  
22 
2 3 .  
24 .  
25 .  
26 .  
2 7 .  
28. 
29. 

30.  
31.  

C e l l  p l a t e  wrapping f i x t u r e  
S poonula 
S p a t u l a ,  2 
Glass f u n n e l  
So lde r ing  f i x t u r e  
Wire c u t t e r s  

C e l l  p l a t e  r a c k  (aluminum) 
C e l l  p l a t e  r a c k  ( s t a i n l e s s  s teel)  
Solder  ( s o l i d  co re )  
Solder  f l u x  

B a t t e r y  ho lde r  (aluminum) 
B a t t e r y  s o l d e r  ( s t a i n l e s s  s t e e l )  
I n s t r u m e n t a t i o n  board 
Crescent  wrench 
Pan, s t a i n l e s s  s t e e l ,  2 
Solde r ing  i r o n  
Jumper w i r e s ,  7 
T e s t  t u b e  r a c k  
A 1 1 en wrench 
S c i s s o r s ,  2 
P e n c i l  
Cheese c l o t h ,  20 f t  
Cot ton pads,  200 
Thermometer 
Chromatography paper ,  22x18 i n . ,  50 
Medicine dropper ,  4 
Nut wrench 
Forceps,  2 
Tygon tub ing ,  3 / 4  and 1 / 4  i n . ,  5 f t  
each 
P e t r i  d i s h e s ,  6 
Fuse w i r e ,  3 f t  

a 

a 

S t er il i z a t  i o n  

Autoc lave  
Autoc lave  
Autoclave 
Autoclave 
Autoc lave  
Autoclave 

Auto c 1 a ve  
Autoclave 
Auto c lave 
Autoclave 

Autoclave 
Auto c l a v e  
Aut oc  lave 
Aut o c l a v e  
Aut oc l a v e  
Autoclave 
Auto c 1 av  e 
Aut o c 1 a v e 
Aut o c l a v e  
Aut oc l a v e  
Autoclave 
Autoc lave  
Autoc lave  
Aut oc l a v e  
Autoc lave  
Aut oc lave 
Autoclave 
Autoclave 

Auto c l a v e  
Autoclave 
Autoclave 

T e s t  method 

Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  

Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  

Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  
Spore s t r i p  

Spore s t r i p  
Spore s t r i p  
Spore s t r i p  

R e s u l t s  

Negat ive 
Negat ive  
Negat ive 
Negat ive 
Negat ive 
Nega t i v e  

Negat ive 
Nega t i v e  
Negat ive  
Negat ive 

Negat ive  
Negat ive 
Negat ive 
Negat ive 
Nega t i v e  
Negat ive 
Negat ive 
Negat ive 
Negat ive 
Negat ive 
Nega t i v e  
Negat ive 
Negat ive 
Negat ive 
Negat ive  
Negat ive 
Negat ive 
Nega t i v e  

Negat ive 
Negat ive  
Negat ive  

a Aluminum f i x t u r e s  w e r e  removed a f t e r  two weeks because of  c o r r o s i o n  problems 
invo lv ing  t h e  f i x t u r e .  

c 
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TABLE 12 . -  STERILIZATION OF PARTS FOR CONSTRUCTION 
OF 12 STERILE CELLS (FIRST SET) 

Material 

50 n e g a t i v e  p l a t e s  
50 n e g a t i v e  p l a t e s  
50 n e g a t i v e  p l a t e s  
49 n e g a t i v e  p l a t e s  
50 p o s i t i v e  p l a t e s  
50 p o s i t i v e  p l a t e s  
50 p o s i t i v e  p l a t e s  
34 p o s i t i v e  p l a t e s  
26 f l a t  washers 

and 26 n u t s  
24 t e r m i n a l  p o s t s  
85 p i e c e s  of  l a r g e  

t a f f e t a  and 15 
p i e c e s  o f  small 
t a f f e t a  

1 2  c a s e s  and l i d s  

100 sheets 

24 n u t s  
4 b o t t l e s  of 40% 

KO H 
8 b o t t l e s  of  40% 

KO H 

ce  1 1 o p hane 

Run 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 

1 

2 
3 

4 

5 
- 

S t e r i l i z a t i o n  

Dry heat 
Dry h e a t  
Dry h e a t  
Dry h e a t  
Dry heat 
Dry h e a t  
Dry heat 
Dry heat 

Dry heat 
Dry h e a t  

Dry h e a t  

Dry heat 

Dry h e a t  
Autoc lave  

Auto c l a v e  

Autoc lave  

T e s t  method 

1 spore  s t r i p  
1 spore  s t r i p  
1 s p o r e  s t r i p  
1 spore  s t r i p  
1 s p o r e  s t r i p  
1 spore  s t r i p  
1 spore  s t r i p  
1 s p o r e  s t r i p  

1 s p o r e  s t r i p  
1 s p o r e  s t r i p  

1 spore  s t r i p  

2 s p o r e  s t r i p :  

1 s p o r e  s t r i p  

1 spore  s t r i p  

2 s p o r e  s t r i p :  

Resu l t s  

Negative 
Nega t i v e  
Negat ive 
Negat ive 
Negat ive 
Negat ive 
Negat ive 
Negat ive 

Negat ive  
Negat ive  

Negat ive  

Nega t i v e  

Negat ive  

Negat ive  

Negat ive  

a Packages 1 t o  11 were wrapped f i r s t  i n  chromatography paperJ  t h e n  i n  
aluminum fo i l . .  A s p o r e  s t r i p  w a s  l o c a t e d  i n  t h e  c e n t e r  of t h e  packet .  
Packages 1 t o  11 were hea ted  i n  an aluminum box i n  t h e  s t e r i l i z a t i o n  
chamber e 

Cases and l i d s  were no t  wrapped. A s p o r e  s t r i p  w a s  t aped  t o  t h e  e x t e r i o r  
of one case and t o  t h e  i n t e r i o r  of  a n o t h e r .  

The ce l lophane  w a s  r o l l e d  on to  a g l a s s  drum and p laced  i n s i d e  a c l o s e d  
ja r .  Spore s t r i p s  were l o c a t e d  a t  t h e  i n t e r i o r  of  t h e  r o l l  and on t h e  
e x t e r i o r .  The ce l lophane  w a s  s t e r i l i z e d  a t  135OC f o r  60 h r .  

b 
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?a c kag e 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

a 

13 

14 
1 5  

16  

TABLE 13.- STERILIZATION OF PARTS FOR CONSTRUCTION 
OF 12  STERILE CELLS (SECOND SET) 

~ 

M a  t er i a  1 

50 n e g a t i v e  p l a t e s  
50 n e g a t i v e  p l a t e s  
50 n e g a t i v e  p l a t e s  
49 n e g a t i v e  p l a t e s  
50 p o s i t i v e  p l a t e s  
50 p o s i t i v e  p l a t e s  
50 p o s i t i v e  p l a t e s  
34 p o s i t i v e  p l a t e s  
24 f l a t  washers 

and 24 n u t s  
24 t e r m i n a l  p o s t s  
85 p i e c e s  of  l a r g e  

15 p i e c e s  of small 
t a f f e t a  

t a f f e t a  

100 sheets 
ce 1 l o  phane 

24 n u t s  
1 2  b o t t l e s  of 40% 

KOH 
1 2  cases and l i d s  

Run 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 

1 

- 

2 

3 

4 
5 
- 

jter il i z a t  i o n  

Dry h e a t  
Dry h e a t  
Dry heat 
Dry heat 
Dry h e a t  
Dry heat 
Dry h e a t  
Dry heat 

Dry h e a t  
Dry heat 

Dry h e a t  

Dry heat 

Dry heat 

Autoclave 

Autoc lave  
Autoclave 

T e s t  method 

1 spore  
1 spore  
1 spore  
1 s p o r e  
1 spore  
1 s p o r e  
1 s p p r e  
1 spore  

s t r i p  
s t r i p  
s t r i p  
s t r i p  
s t r i p  
s t r i p  
s t r i p  
s t r i p  

1 spore  s t r i p  
1 spore  s t r i p  

2 spo re  s t r i p :  

1 spore  s t r i p  

2 spo re  s t r i p s  

1 s p o r e  s t r i p  

3 s p o r e  s t r i p :  
2 spo re  s t r i p :  

Resu l t s  

Negative 
Negative 
Negative 
Nega t i v e  
Negat ive 
Nega t i v e  
Negat ive 
Negat ive 

Negat ive 
Negat ive 

Nega t ive 

Negat ive 

Negat ive 

Negat ive  

Negat ive  
Negat ive  

a Packages 1 t o  12 were wrapped f i r s t  i n  chromatography paper ,  t h e n  i n  
aluminum f o i l .  A s p o r e  s t r i p  w a s  p laced  i n  the c e n t e r  of each packe t .  
Packet  11 had two s p o r e  s t r i p s .  A l l  packe t s  w e r e  p laced  d i r e c t l y  i n  
t h e  h e a t i n g  chamber. No aluminum box w a s  used.  

Cel lophane w a s  s t e r i l i z e d  the same as  i n  s e t  one. 

The n u t s  were au toc laved  i n  a p e t r i  d i s h  a long  w i t h  a s p o r e  s t r i p .  

b 
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Assembly Sequence M i c r o b i o l o g i c a l  
Monitor ing and Con t ro l  

General  c o n t r o l s .  - Although t h e  experiments  d e s c r i b e d  pre-  
v i o u s l y  had v e r i f i e d  t h e  e f f i c a c y  o f  t h e  s t e r i l i z a t i o n  p r o c e s s e s  
and t h e  assembly environment,  i t  w a s  deemed n e c e s s a r y  t o  i n s t i -  
t u t e  a d d i t i o n a l  p r e c a u t i o n s  and c o n t r o l s  d u r i n g  c e l l  assembly t o  
minimize t h e  p o s s i b i l i t y  of t h e  i n t r o d u c t i o n  of a c c i d e n t a l  con- 
t amina t ion .  Among t h e  g e n e r a l  c o n t r o l s  employed were t h e  use  of 
a t h r e e - i s o l a t o r  system and t h e  i n c l u s i o n  of u l t r a v i o l e t  lamps 
i n  t h e  i s o l a t o r  chambers. 

The i s o l a t o r  system, d e s c r i b e d  i n  d e t a i l  i n  o t h e r  s e c t i o n s  of 
t h i s  r e p o r t ,  c o n s i s t e d  of t h r e e  chambers i n t e r c o n n e c t e d  by double-  
door pas s th roughs .  During c e l l  assembly o p e r a t i o n s  each  of  t h e  
t h r e e  chambers w a s  used f o r  a s p e c i f i c  purpose.  The f i r s t  chamber, 
opened i n t o  by t h e  s t e r i l i z a t i o n  chamber, w a s  used as  a s t e r i l e  
s t o r a g e  area.  I n  t h i s  chamber, packages of p a r t s  and materials 
t h a t  had undergone s t e r i l i z a t i o n  were he ld  u n t i l  b i o l o g i c a l  a s s a y  
of t h e  i n d i c a t o r  s p o r e  s t r i p s  inc luded  i n  t h e  packages v e r i f i e d  
t h e i r  s t e r i l i t y .  A s  needed, t h e  par t s  and mater ia ls  were t r a n s -  
f e r r e d  t o  t h e  second i s o l a t o r ,  i n  which a c t u a l  assembly o p e r a t i o n s  
were performed. The completed c e l l s  were t h e n  passed i n t o  t h e  
t h i r d  chamber where e l e c t r i c a l  t e s t i n g  was performed. I n  t h i s  
way, any a c c i d e n t a l  contaminat ion  of one of t h e  chambers could be 
prevented from a f f e c t i n g  t h e  e n t i r e  system. 

A f u r t h e r  p r e c a u t i o n  was i n s t i t u t e d  by t h e  i n c l u s i o n  of u l t r a -  
v i o l e t  lamps i n  a l l  t h r e e  chambers. Although u l t r a v i o l e t  l i g h t  
i s  of low e f f i c i e n c y  i n  s t e r i l i z i n g  l a r g e  volumes of  moving a i r ,  
i t  w a s  f e l t  t h a t ,  i n  t h e  s t a t i c  atmosphere of  t h e  chambers, t h e  
maintenance of s t e r i l i t y  of t h e  chambers would be enhanced by 
t h e i r  u s e .  

S p e c i f i c  c o n t r o l s .  - S p e c i f i c  c o n t r o l s  are d i s c u s s e d  i n  t h e  
f o l l o w i n g  paragraphs - 

Atmosphere mon i to r ing :  Throughout t h e  assembly o p e r a t i o n s ,  
t h e  atmospheres w i t h i n  t h e  i s o l a t o r s  were monitored.  Th i s  w a s  
accomplished by employing 0.45-1-1 f i e l d  moni tors  ( M i l l i p o r e  Corp.) 
on a l l  t h e  i n l e t / o u t l e t  v a l v e s  of  t h e  i s o l a t o r  system ( f i g .  13). 
These f i l t e r s  were removed and b i o l o g i c a l l y  assayed  a t  t h e  con- 
c l u s i o n  of t h e  assembly o p e r a t i o n s .  No contaminat ion  w a s  de -  
t e c t e d .  
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T r y p t i c a s e  Soy Agar s e t t l i n g  p l a t e s  were employed i n  t h e  i s o -  
l a t o r s  and pass th roughs .  
weekly i n t e r v a l s  and incuba ted .  No contaminat ion  w a s  d e t e c t e d  
d u r i n g  t h e  assembly program. 

These p e t r i  d i s h e s  were r e p l a c e d  a t  

Glove a s s a y s :  The p o s s i b i l i t y  of a n  u n d e t e c t e d  puncture  of 
t h e  i s o l a t o r  g l o v e  system w a s  i d e n t i f i e d  a s  a p o t e n t i a l  contam- 
i n a t i o n  s o u r c e .  To p r e c l u d e  t h i s  p o s s i b i l i t y ,  weekly impress ions  
were t a k e n  of t h e  f i n g e r  t i p s  of t h e  g l o v e s .  The f i n g e r s  of t h e  
g l o v e s  were impressed i n t o  TSA p l a t e s  p l aced  i n  t h e  i s o l a t o r s .  
These were then  r e p l a c e d ,  i n c u b a t e d ,  and examined f o r  growth. 
No contaminat ion  w a s  d e t e c t e d  d u r i n g  t h e  assembly program. 

I s o l a t o r  s u r f a c e  a s s a y s :  During t h e  f i n a l  two weeks of assem- 
b l y  o p e r a t i o n s ,  two sets per  week of swab a s s a y s  were made of 
i n t e r i o r  s u r f a c e s  of t h e  i s o l a t o r s .  Each set  o f  a s s a y s  c o n s i s t e d  
of 14 i n d i v i d u a l  samples.  N o  contaminat ion  w a s  d e t e c t e d .  

Summary. - Accepted, s t a n d a r d  m i c r o b i o l o g i c a l  t echn iques  (de- 
s c r i b e d  i n  d e t a i l  i n  Appendix E) were employed throughout  t h e  
assembly program t o  monitor  a l l  p o t e n t i a l  s o u r c e s  o f  m i c r o b i a l  
contaminat ion.  The method employed i n  each  c a s e  w a s  s e l e c t e d  on 
t h e  b a s i s  o f :  

1) The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  s i t u a t i o n  t o  be 

2) 

monitored ; 

The a c c e p t a b i l i t y  of t h e  method t o  t h e  s c i e n t i f i c  
community; 

3 )  The s e n s i t i v i t y  and r e l i a b i l i t y  of  t h e  method; 

4 )  The p r a c t i c a l i t y  of i t s  a p p l i c a t i o n  t o  t h e  s i t u a t i o n  
i n  q u e s t i o n .  

Of t h e  many r e p l i c a t e  samples t aken  and a s s a y s  r u n ,  n o t  a s i n g l e  
case of contaminat ion  w a s  d e t e c t e d .  These t e s t s  i n c l u d e d  t h e  
i n d i r e c t  t e s t i n g  of t h e  s t e r i l i t y  of  t h e  c e l l  p a r t s  and mater ia ls  
in t roduced  i n t o  t h e  i s o l a t o r s  and t h e  d i r e c t  t e s t i n g  of t h e  as-  
sembly environment.  
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P o s t - E l e c t r i c a l  Test M i c r o b i o l o g i c a l  Assay 

Although t h e  m i c r o b i o l o g i c a l  moni tor ing  conducted d u r i n g  t h e  
assembly o p e r a t i o n  demonstrated t h e  s t e r i l i t y  of t h e  c e l l  com- 
ponen t s ,  t h e  assembly environment and t h e  t o o l s  and materials 
employed, t h e  f i n a l  v e r i f i c a t i o n  of c e l l  s t e r i l i t y  can  o n l y  be 
made by demonst ra t ing  t h a t  t h e  completed c e l l  i s  indeed s t e r i l e .  
Th i s  demonst ra t ion  r e q u i r e s  d isassembly  of t h e  c e l l  and micro- 
b i o l o g i c a l l y  a s s a y i n g  t h e  components. To m a i n t a i n  t h e  balanced 
exper imenta l  d e s i g n  i n  t h e  e l e c t r i c a l  performance tes t s ,  d i s -  
assembly t o  t h e  component l e v e l  w a s  accomplished a f t e r  t h e  com- 
p l e t i o n  of t h e  c h a r g e / d i s c h a r g e  c y c l e s .  Concur ren t ly ,  t h i s  d i s -  
assembly p e r m i t t e d  examinat ion of t h e  i n t e r i o r  c e l l  components 
t o  a s c e r t a i n  t h e  changes o c c u r r i n g  from t h e  e l e c t r i c a l  o p e r a t i o n s .  

The assay of disassembled components r e q u i r e d  a b a s i c  change 
i n  t h e  m i c r o b i o l o g i c a l  procedures  t h a t  i n t roduced  a h ighe r  r i s k  
of contaminat ion  d u r i n g  assay. Removal of organisms from t h e  
s u r f a c e  of  t h e  components n e c e s s i t a t e s  a p rocedura l  s t e p  f o r  i n -  
s o n a t i o n  i n  peptone water,  and p l a t i n g  of t h e  peptone s u p e r n a t a n t  
l i q u i d  s o  t h a t  a d v e r s e  e f f e c t s  ( i . e . ,  p o s s i b l y  i n h i b i t i n g  growth) 
of  t h e  components does n o t  b i a s  t h e  r e s u l t s .  To conduct t h e  
i n s o n a t i o n  o p e r a t i o n  i n s i d e  t h e  i s o l a t o r  r e q u i r e s  s t e r i l i z i n g  
t h e  in s t rumen t  i n  t h e  p a s s c l a v e  b e f o r e  e n t r y  i n t o  t h e  i s o l a t o r .  
T h i s  approach d i d  n o t  appea r  t o  be s u i t a b l e  because: 

1) C o m p a t i b i l i t y  i n f o r m a t i o n  w a s  n o t  a v a i l a b l e  on s t e r i l -  
i z i n g  t h e  u l t r a s o n i c a t o r  w i t h  d r y  h e a t  o r  by a u t o -  
c l a v e  means. To o b t a i n  such d a t a  would r e q u i r e  a n  
e x t e n s i v e  program o u t s i d e  t h e  scope and t i m e  p e r i o d  
of t h e  c o n t r a c t ;  

2) Use of a n  a r b i t r a r i l y  s e l e c t e d  s t e r i l i z a t i o n  method 
cou ld  r e s u l t  i n  damage t o  t h e  in s t rumen t  n e c e s s i -  
t a t i n g  c o s t l y  and time-consuming r e p a i r s  o r  r e p l a c e -  
ment. Th i s  r i s k  appeared t o  be unacceptab le  i n  t h e  
l i g h t  of  t h e  program schedu le .  

It w a s  t h e r e f o r e  dec ided  t o  conduct t h e s e  a s s a y  procedures  ex- 
t e r n a l  t o  t h e  i s o l a t o r  system r e c o g n i z i n g  t h e  i n h e r e n t  r i s k s  as- 
s o c i a t e d  w i t h  t h e  cho ice .  

R e s u l t s  of  t h e  a s s a y s  performed on t h e  c e l l s  assembled under 
s t e r i l e  c o n d i t i o n s  are shown i n  t a b l e s  14 t h r u  16. Contamination 
w a s  found i n  ce l l s  26, 27, 28, and 3 3 .  A l l  o t h e r  ce l l s  examined 
showed no contaminat ion.  The f o u r  contaminat ions  encountered a r e  
b e l i e v e d  t o  have been i n t r o d u c e d  d u r i n g  t h e  a s s a y  procedures .  The 
bases  f o r  t h i s  b e l i e f  are d i s c u s s e d  below. 
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TABLE 14.-  BIOLOGICAL ASSAY OF STERILE ASSEMBLED CELLS, 
BATTERY 1 

C e l l  

25 

25 

25 

25 

25 

25 

25  

25 

2 6  

26  

2 6  

26 

26 

26 

26 

2 6  

a 

C e l l  p a r t  

Nuts ,  washers ,  cap  

Terminals  

Negat ive p l a t e  

Negat ive  p l a t e  

Cel lophane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

Nuts ,  washers ,  cap  

Termina 1 s 

Negat ive p l a t e  

Negat ive  p l a t e  

Cel lophane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

R e s u l t s  

Nega t i v e  

Negat ive  

Nega t i v e  

Negat ive  

Nega t i v e  

N e  ga t i v e  

Nega t ive  

Negat ive  

Negat ive  

N e  ga t ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

P o s i t i v e  

Negat ive  

Cel l  

27 

27 

27 

27 

27 

27 

b27 

27 

28 

28 

28  

2 8  

28  

28 

28 

28 

C 

C e l l  p a r t  

Nuts ,  washers ,  cap  

Termina Is 

Nega t i v e  p l a t  e 

Negat ive  p l a t e  

C e 1 1 o phane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

Nuts ,  washers ,  c a p  

Termina ls  

Negat ive  p l a t e  

Negat ive  p l a t e  

Cel lophane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

a Contaminat ion w a s  &. s u b t i l i s  - gram p o s i t i v e  rods .  

Contaminat ion w a s  &. s u b t i l i s  - gram p o s i t i v e  rods .  

Contaminat ion appeared  t o  be E. c o l i  - gram n e g a t i v e  r o d s .  

b 

C 

R e s u l t s  

Negat ive  

Nega t i v e  

Negat ive 

Nega t i v e  

Negat ive 

Negat ive 

Negat ive 

Nega t i v e  

Negat ive 

P o s i t i v e  

Nega t i v e  

Nega t i v e  

Negat ive  

Negat ive  

Nega t i v e  

Negat ive 

- . .  
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TABLE 15.- BIOLOGICAL ASSAY OF STERILE ASSEMBLED CELLS, 

- 
C e l l  

29 

29 

29 

29 

29 

29 

29 

29 

30 

30 

30 

30 

30 

30 

30 

30 

BATTERY 2 

C e l l  p a r t  R e s u l t s  

Nuts ,  washers ,  cap  Negat ive  

Terminals  Negat ive  

Negat ive p l a t e  Nega t i v e  

Negat ive  p l a t e  Negat ive  

Cel lophane Negat ive  

P o s i t i v e  p l a t e  Negat ive  

P o s i t i v e  p l a t e  Negat ive  

T a f f e t a  Nega t i v e  

Nuts ,  washers ,  cap  Negat ive  

Terminals  Negat ive  

Negat ive  p l a t e  Negat ive  

Negat ive  p l a t e  Negat ive  

C e  1 1 o p hane Negat ive 

P o s i t i v e  p l a t e  Nega t ive  

P o s i t i v e  p l a t e  Negat ive  

T a f f e t a  Nega t i v e  

- 
C e l l  

31 

31 

31 

31 

31 

31 

31 

31 

32 

32 

32 

32 

32 

32 

32 

32 

- C e l l  p a r t  

Nuts ,  washers ,  cap 

Terminals  

Negat ive  p l a t e  

Negat ive  p l a t e  

C e 1 1 o phan e 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

Nuts ,  washers ,  cap 

Terminals  

Negat ive  p l a t e  

Negat ive  p l a t e  

Cel lophane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

R e s u l t s  

Negat ive  

Negat ive 

Negat ive 

Nega t i v e  

Nega t i v e  

Nega t i v e  

Nega t i v e  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive 

Negat ive 

Negat ive  

Nega t i v e  
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c 

TABLE 16.-  BIOLOGICAL ASSAY OF STERILE ASSEMBLED CELLS, 
BATTERY 3 

C e l l  p a r t  

Nuts ,  washers ,  cap  

Terminals  

Negat ive  p l a t e  

Negat ive  p l a t e  

C e  1 l o  phane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

Nuts ,  washers ,  cap  

Terminals  

Negat ive  p l a t e  

Negat ive  p l a t e  

Cel lophane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

Resu 1 t s 

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

P o s i t i v e  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Nega t i v e  

C e l l  

35 

35 

35 

35 

35 

35 

35 

35 

36 

36 

36 

36 

36 

36 

36 

36 

C e l l  p a r t  

Nuts ,  washe r s ,  cap  

Termina ls  

Negat ive  p l a t e  

Negat ive  p l a t e  

C e  1 l o  phane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

Nuts ,  washers ,  cap  

Termina 1 s 

Negat ive  p l a t e  

Negat ive  p l a t e  

Ce 110 phane 

P o s i t i v e  p l a t e  

P o s i t i v e  p l a t e  

T a f f e t a  

R e s u l t s  

Nega t i v e  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Nega t i v e  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Negat ive  

Nega t i v e  

Negat ive  
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- -  

Cel l  26 and 2 7  p o s i t i v e  p l a t e .  - The organism i s o l a t e d  i n  b o t h  
c a s e s  was determined t o  be B a c i l l u s  s u b t i l i s  ( r e f .  10). Subsequent 
Rodac p l a t e  a s s a y s  of  t h e  laminar  f low bench i n  which t h e  pour 
p l a t e s  were made r e v e a l e d  contaminat ion  of t h e  bench w i t h  E. 
s u b t i l i s .  The bench w a s  decontaminated w i t h  2% p e r a c e t i c  a c i d  
b e f o r e  performing f u r t h e r  c e l l  a s s a y s .  I n  a d d i t i o n ,  t h e  con- 
taminant  w a s  i s o l a t e d  from o n l y  one of  seven p o s i t i v e  p l a t e s .  
Had t h e  i n i t i a l  s t e r i l i z a t i o n  of t h e  p l a t e s  been incomplete ,  it 
i s  u n l i k e l y  t h a t  o n l y  one of 84 p o s i t i v e  p l a t e s  s t e r i l i z e d  s imul-  
t a n e o u s l y  would remain contaminated.  The l i k e l i h o o d  of t h e  con- 
t a m i n a t i o n  be ing  in t roduced  d u r i n g  assembly and s u r v i v i n g  through 
c h a r g e / d i s c h a r g e  c y c l i n g  i s  remote f o r  t h e  f o l l o w i n g  r easons :  

1) The c o n c e n t r a t i o n  of s i l v e r  i o n s  i n  t h e  e l e c t r o l y t e  

2) 

d u r i n g  o p e r a t i o n  of t h e  c e l l  would tend t o  be l e t h a l ;  

The i n c r e a s e  i n  KOH tempera ture  d u r i n g  t h e  d u t y  c y c l e  
of  t h e  c e l l  has  been shown t o  be l e t h a l  t o  E. s u b t i l i s  
s p o r e s  ; 

The p o s i t i v e  p l a t e  undergoes d i s s o l u t i o n  and r e d e p o s i -  
t i o n  d u r i n g  c y c l i n g  of t h e  c e l l .  Th i s  would t end  t o  
e i t h e r  remove o r  o v e r l a y  organisms on t h e  p l a t e  s u r -  
f a c e .  

3 )  

Cell 2 8  t e r m i n a l s .  - The contaminant i s o l a t e d  i n  t h i s  i n s t a n c e  
w a s  determined t o  be  E s c h e r i c h i a  c o l i ,  u s u a l l y  a s s o c i a t e d  w i t h  
f e c a l  con tamina t ion .  Colony format ion  w a s  no ted  o n l y  on t h e  s u r -  
face of  t h e  pour p l a t e ,  and w a s  e n t i r e l y  l a c k i n g  w i t h i n  t h e  medium. 
The remaining c o n t e n t s  of  t h e  b o t t l e  from which t h e  pour p l a t e  w a s  
made evidenced no b a c t e r i a l  con tamina t ion .  It shou ld  a l s o  be 
noted t h a t  d u r i n g  s o l d e r i n g  of t h e  c e l l  t e r m i n a l s  and d u r i n g  c e l l  
o p e r a t i o n s  t h e  t e r m i n a l s  r e a c h  a tempera ture  s u f f i c i e n t l y  h i g h  as  
t o  be cons idered  l e t h a l  f o r  t h i s  organism. 

C e l l  33 t a f f e t a .  - The organism invo lved  i n  t h i s  contaminat ion  
i n c i d e n t  w a s  i d e n t i f i e d  as a s taphylococcus  , a n o t h e r  organism 
u s u a l l y  cons idered  i n d i c a t i v e  of contaminat ion  from a human source .  
C e l l  components a d j a c e n t  t o  and i n  d i r e c t  c o n t a c t  w i t h  t h e  taffeta  
showed no con tamina t ion .  Th i s  f a c t ,  coupled w i t h  t h e  s e v e r i t y  of  
t h e  i n t e r n a l  c e l l  environment d i s c u s s e d  above, seems t o  p o i n t  t o  
t h e  i n t r o d u c t i o n  of  t h e  contaminant d u r i n g  t h e  a s s a y  procedure.  

63 



Conc l u s  ions  

The r e s u l t s  of t h i s  s tudy  have e s t a b l i s h e d  t h e  f e a s i b i l i t y  
of s t e r i l e  assembly of b a t t e r i e s .  This  conc lus ion  i s  based on 
t h e  c o n v i c t i o n  t h a t  t h e  f o u r  contaminat ion  c a s e s  t h a t  appeared 
were t h e  r e s u l t  of t e c h n i c a l  e r r o r  i n  conduct ing  t h e  microbio-  
l o g i c a l  a s s a y s  and not  due t o  a f a i l u r e  i n  t h e  s t e r i l e  assembly 
p rocess .  It should  be f u r t h e r  no ted  t h a t  f u t u r e  s t e r i l e  assembly 
s i t u a t i o n s  must a l l o w  f o r  conduct of t h e  m i c r o b i o l o g i c a l  sample  
handl ing  e n t i r e l y  w i t h i n  t h e  i s o l a t o r  system. This  approach 
would most c e r t a i n l y  prec lude  t h e  i n t r o d u c t i o n  of a c c i d e n t a l  con- 
t amina t ion  exper ienced  i n  t h i s  program. 
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PACKAGING CONCEPTS 

A f t e r  s t e r i l e  assembly of  a b a t t e r y ,  a l l  subsequent  o p e r a t i o n s  
i n  t h e  t o t a l  fac tory- through- launch  sequence must a s s u r e  mainte- 
nance o f  t h e  s t e r i l e  c o n d i t i o n .  Packaging concep t s  a r e  t h e r e f o r e  
needed t h a t  recognize  such f a c t o r s  a s :  

1) Assembly of  t h e  packaging i n s i d e  t h e  i s o l a t o r  - T h i s  
requirement  r e s t r i c t s  usage of  packaging m a t e r i a l s  t o  
t h o s e  compat ib le  w i t h  p a s s c l a v e  s t e r i l i z a t i o n ;  

2 )  Environmental  t e s t i n g  - F l i g h t  acceptance  environmen- 
t a l  t e s t i n g  i s  a program requirement  f o r  a l l  f l i g h t  
hardware.  Packaging d e s i g n s  must,  t h e r e f o r e ,  p e r m i t  
r e a s o n a b l e  r e p r o d u c t i o n  of  t h e  c r i t i c a l  f l i g h t  e n v i -  
ronments on t h e  packaged i t e m  a s  w e l l  a s  performance 
t y p e  measurements w h i l e  i n  t h e  package; 

3) B i o l o g i c a l  s e c u r i t y  d u r i n g  t r a n s p o r t a t i o n  - Packaging 
f o r  shipment t o  t h e  launch s i t e  must main ta in  b i o l o g i -  
c a l  s e c u r i t y  ( s t e r i l i t y )  under t h e  rough t r e a t m e n t  
encountered i n  t r a n s p o r t a t i o n ;  

4 )  Assembly s t e r i l i z e r  and s t e r i l e - i n s e r t i o n - t h r o u g h - p o r t  
opening i n t e r f a c e  - Launch s i t e  o p e r a t i o n s  w i l l  e n t a i l  
removal of  t h e  s t e r i l e  b a t t e r y  from t h e  package. There-  
f o r e ,  t h e  packaging d e s i g n s  must recognize  t h e  i n t e r -  
f a c e  w i t h  t h e s e  o p e r a t i o n s .  

Bra ins torming  s e s s i o n s  gene ra t ed  a l a r g e  number o f  packaging 
schemes, Upon f u r t h e r  e v a l u a t i o n ,  s i x  concep t s  were i d e n t i f i e d  
a s  having b a s i c  mer i t .  These s i x  concep t s  a r e  d e s c r i b e d  i n  t h e  
ensuing  s u b s e c t i o n s  o f  t h i s  s e c t i o n .  These concep t s  were reviewed 
w i t h  NASA-Langley pe r sonne l  a s  p a r t  o f  t h e  t e c h n i c a l  review meet- 
i n g s .  The reviews l e d  t o  s e l e c t i o n  of  two concep t s  ( s p l i t  seam 
package and f l a p - t y p e  s t e r i l e  seam) a s  w a r r a n t i n g  f u r t h e r  cons id -  
e r a  t i o n .  
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Hermetically Sealed Stainless Steel Case 

This concept (fig. 14) is based on (1) the hermetic seal to 
maintain internal sterility, and (2) flash heating, chemical ster- 
ilization, or a similar surface sterilization method to cleanse 
the outer surfaces, This conczpt has a primary advantage of sim- 
plicity; its disadvantages are additional weight for the stainless 
steel container; nonavailability today of acceptable surface ster- 
ilization treatments; and its applicability to batteries, but not 
to the universal class of possible heat-sensitive items, 

Terminals Stainless 
steel 
container 

- Note: Sterilization by 
flame immersion, 

Figure 14.- Hermetically Sealed Stainless Steel Battery Case Concept 
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Thermal B a r r i e r  Package 

T h i s  concept  ( f i g .  15) u s e s  a double  w a l l  c o n t a i n e r ,  f i l l e d  
w i t h  i n s u l a t i o n ,  f o r  packaging. R i g i d  s u p p o r t s  f o r  t h e  b a t t e r y  
adds an a i r  pocket a s  an a d d i t i o n a l  i n s u l a t i n g  medium. 
r i o r  contaminated s u r f a c e  o f  t h e  package can be s t e r i l i z e d  by a 
d r y  h e a t  c y c l e  t h a t  w i l l  a s s u r e  s u r f a c e  k i l l  o f  contaminat ion  w i t h  
o n l y  s l i g h t  i n t e r n a l  tempera ture  r i s e .  
c i a t e d  w i t h  t h i s  concept p r e c l u d e s  i t s  u s e  f o r  environmental  t es t -  
i n g .  

The e x t e -  

R i g i d i t y  and weight  a s s o -  

Note: I n s u l a t i o n  must be c a p a b l e  of 
p r o t e c t i n g  b a t t e r y  from 
s t e r i l i z a t i o n  c y c l e .  

He nne 
s e a l  

Cel ls  

a i n l e s s  s tee l ,  

s uppor t s 

L I n s u l a t i o n  

F i g u r e  1 5 . -  Thermal Barrier Ship and T e s t  Package Concepts 

e t c  
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Heat Exchanger Package 

Note: S t e r i l i z a t i o n  by 
d r y  h e a t  c y c l e .  

T h i s  concept  ( f i g .  16)  u s e s  t h e  chemical  f l u x  p r i n c i p l e  t o  
keep t h e  i n t e r n a l  b a t t e r y  components coo l  d u r i n g  a d r y  h e a t  s te r -  
i l i z a t i o n  c y c l e .  The normal b a t t e r y  c a s e  i s  r e p l a c e d  by a double-  
w a l l e d  c o n t a i n e r  w i t h  i n l e t  and o u t l e t  openings t o  p e r m i t  c i r c u l a -  
t i o n  of  w a t e r  o r  o t h e r  l i q u i d  c o o l i n g  media. 
i n t e r i o r  of  t h e  o u t e r  w a l l  p e r m i t s  adequate  h e a t i n g  t o  e f f e c t  b i o -  
l o g i c a l  k i l l  on t h e  s u r f a c e .  
m a t e r i a l s  and d e s i g n  would r e q u i r e  a development program and qua l -  
i f i c a t i o n  t e s t i n g .  

I n s u l a t i o n  on t h e  

T h i s  s u b s t i t u t i o n  o f  b a t t e r y  c a s e  

F l u i d  

I n s u l a t i o n  

C i r c u l a t i o n  

F i g u r e  16.- Heat Exchanger Package Concept 

Shipping Conta iner  S e r v i c e  Chamber 

T h i s  concept  ( f i g .  1 7 )  u s e s  a m o d i f i c a t i o n  of  t h e  s t e r i l e -  
i n s e r t i o n  concep t s  developed under C o n t r a c t  NASw-1621. It t h e r e -  
f o r e  i n t e r f a c e s  w i t h  t h e  s t e r i l e - i n s e r t i o n - t h r o u g h - p o r t  openings 
t e c h n i q u e .  However, s t r u c t u r a l  r i g i d i t y  a s s o c i a t e d  w i t h  t h e  de-  
s i g n  would a f f e c t  t h e  d a t a  o b t a i n e d  d u r i n g  f l i g h t  acceptance  t e s t -  
i n g .  
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S p l i t  Seam Package 

T h i s  concept  ( f i g .  18) i s  compat ib le  w i t h  t e c h n i q u e s  proven 
under NASA C o n t r a c t s  NASw-1407 ( r e f .  6) and NAS8-21122 ( r e f .  8 ) ,  
which i d e n t i f i e d  t h e  f e a s i b i l i t y  of  p l a s t i c  f i l m s  f o r  s t e r i l e  i n -  
s e r t i o n .  The concept u s e s  a n o 2 - h e a t - s e a l a b l e  m a t e r i a l  i n  t h e  
s t e r i l e  package a c c e s s  s l e e v e ,  which i n h i b i t s  a s e a l  between t h e  
two i n n e r  s u r f a c e s ,  d u r i n g  a t tachment  o f  a t r a n s f e r  sleeve,  w i t h  
t h e  h e a t  s e a l e r / c u t t e r .  
mounted s e a l i n g  d e v i c e  l o c a t e d  on t h e  i n n e r  w a l l  o f  t h e  t r a n s f e r  
chamber ( f i g ,  1 9 ) .  The pantograph l i n k a g e  o f  t h e  s e a l i n g  d e v i c e  
mount a s s u r e s  a p a r a l l e l  and uniform p r e s s u r e  o f  t h e  d e v i c e  ove r  
t h e  e n t i r e  seam a r e a .  The d e v i c e  may be  des igned  f o r  manual op- 
e r a t i o n  o r  remote ly  d r i v e n  by e l e c t r o m e c h a n i c a l ,  pneumatic,  o r  
o t h e r  means. T h i s  concept  p e r m i t s  numerous t r a n s f e r s ,  because 
each t r a n s f e r  r e q u i r e s  o n l y  a coup le  o f  i n c h e s  o f  t h e  t r a n s f e r  
s l e e v e ,  The s l e e v e  can b e  r e p l a c e d  when r e q u i r e d .  I n  view of  
i t s  many d e s i r a b l e  f e a t u r e s ,  t h i s  concept has  been s e l e c t e d  f o r  
p o s s i b l e  f u t u r e  development,  

F e a t u r e d  i n  t h e  concept  i s  a mechanical ly  

- -  

Heat seal. / Tef lon  o r  
s i m i l  ar  
c o a t i n g  

T r a n s f e r  
chamber 

Seal-  

Heat s e a l e r / c u t t e r  
on T e f l o n  c o a t e d  area 

F i g u r e  18.- S p l i t  Seam I n s e r t i o n  Technique 
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Flap-Type S t e r i l e  Seam 

T h i s  concept ( f i g .  2 0 )  i s  a l s o  a n  o f f s h o o t  o f  d e s i g n  concep t s  
developed under C o n t r a c t  NASw-1621. The b a t t e r y  i s  f i r m l y  h e l d  
i n  a frame t h a t  i s  a t t a c h e d  t o  a b a s e p l a t e .  T h i s  b a s e p l a t e  s e r v e s  
a s  a mounting f i x t u r e  f o r  s p a c e c r a f t  assembly. Concur ren t ly ,  i t  
i s  designed t o  s e r v e  a s  a h e a t  s i n k ,  backup r i n g  f o r  a r e c t a n g u l a r  
s e a l i n g  t o o l .  The opening i s  covered by a p l a s t i c  f i l m  b a r r i e r .  
The b a s e p l a t e  h a s  a l a r g e  dimension s l i g h t l y  g r e a t e r  t h a n  t h e  
wid th  of  t h e  b a t t e r y  c a s e  and a s m a l l e r  dimension s l i g h t l y  l a r g e r  
t h a n  t h e  h e i g h t  of  t h e  b a t t e r y .  Using a cor respondingly  shaped 
h e a t  s e a l i n g  t o o l ,  p l a s t i c - t o - p l a s t i c  s e a l i n g  i s  accomplished 
a g a i n s t  t h e  b a s e p l a t e  fo l lowing  t h e  technology o f  t h e  NASw-1621 
c o n t r a c t .  A f t e r  c u t t i n g  through t h e  seam a r e a ,  t h e  b a t t e r y  i s  
passed through t h e  opening.  T h i s  concept w i l l  r e q u i r e  e i t h e r  
s t a n d a r d i z a t i o n  o f  t h e  i n t e r f a c e  w i t h  t h e  removal o p e r a t i o n s  a t  
t h e  launch s i t e  o r  s e p a r a t e  h e a t - s e a l i n g  t o o l s  t o  match p a r t i c u l a r  
package d e s i g n s .  T h i s  concept  has  a l s o  been s e l e c t e d  f o r  p o s s i b l e  
f u t u r e  development,  
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The following conclusions can be drawn from this investiga- 
tion: 

1) Sterile Assembly of ESB S-25 silver-zinc cells from 
heat sterilized components is feasible. This conclu- 
sion stems from the following cogent points. 

a) No major discomfort or loss of manual dexterity 
needed for assembly was observed or reported by 
the operators. 

b) A definitive time and motion study was not con- 
ducted as part of the program, so a direct meas- 
use of assembly time is not available. However, 
conformance to the schedule as a measure of as- 
sembly time is indicative of no appreciable dif- 
ference in assembly time. (This statement, of 
course, excludes the additional time required for 
isolator decontamination, and passclave operations 
for materials and equipment.) 

c) Use of a multiple isolator system permits concur- 
rent assembly operations, electrical testing, and 
biological controls. This arrangement appears to 
be adaptable, in principle, to an assembly line 
operation. In addition, isolation of each iso- 
lator yields a safeguard against inadvertent con- 
tamination of the total operation if a breach of 
biological security occurs in one operation. 

d) Although four contaminated assays were obtained 
on the dissassembled components after electrical 
testing, these are believed to stem for tech- 
nician error for the reasons cited in the section 
entitled BIOLOGICAL ASPECTS. This condition 
points up to the mandatory nature of conducting 
biological control assays under totally sterile 
conditions -- preferably inside the isolator sys- 
tem including the final incubation. We feel it 
would be an error to conclude that these data 
invalidate the feasibility demonstration. 
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e )  Pe r sonne l  were i n d o c t r i n a t e d  on t h e  importance of  
s t r i c t  adherence t o  procedures  t o  avo id  p o t e n t i a l  
b reaches  of s e c u r i t y  o r  malassembly. No mal fea-  
sance was noted d u r i n g  t h e  s t u d y ,  t hus  l e n d i n g  
credence  t o  a n  a b i l i t y  t o  m a i n t a i n  similar d i s -  
c i p l i n e  by b a t t e r y  manufac turer  assembly p e r s o n n e l .  

2 )  S t e r i l e  assembly of  ESB 5-25 s i l v e r - z i n c  c e l l s  p r o v i d e s  
a p o t e n t i a l l y  a c c e p t a b l e  backup t o  p r e s e n t  i n v e s t i g a -  
t i o n s  on development of  a s t e r i l i z a b l e  b a t t e r y .  T h i s  
c o n c l u s i o n  can  be drawn from t h e  f o l l o w i n g .  

a) The c h a r g e / d i s c h a r g e  d a t a  f o r  t h e  s t e r i l e  assembled 
c e l l s  w i t h  c e l l o p h a n e  s t e r i l i z e d  a t  125°C d i f f e r s  
o n l y  s l i g h t l y  from t h e  ampere-hour c a p a c i t y  and 
cha rge  e f f i c i e n c y  o f  t h e  s t a n d a r d  and c o n t r o l  c e l l s .  

b )  S t e r i l e  assembly of  b a t t e r i e s  r e q u i r e d  a d d i t i o n a l  
c o n t r o l s  and spec ia l  handl ing  t h a t  would n o t  be  
r e q u i r e d  i f  a s t e r i l i z a b l e  b a t t e r y  were developed.  
I n  view o f  t h e s e  e x t r a  r equ i r emen t s ,  on ly  a back-  
up s t a t u s  i s  w a r r a n t e d .  

c )  Unknown d e g r a d a t i o n  e f f e c t s  may s t i l l  be p r e s e n t  
and become a p p a r e n t  i n  environmental  ( q u a l i f i c a -  
t i o n / f l i g h t  acceptance  t e s t i n g )  o r  l i f e  t e s t i n g  
of  t h e  c e l l s ,  

3) S u i t a b l e  packaging concep t s  are now a v a i l a b l e  f o r  
m a i n t a i n i n g  s t e r i l i t y  of  s t e r i l e  assembled hardware 
i n  t h e  fac tory- through- launch  sequence.  Th i s  conclu-  
s i o n  stems from t h e  two p r e f e r r e d  c o n c e p t s .  

a )  The s p l i t  seam package a l l o w s  r e a s o n a b l e  reproduc-  
t i o n  of  environmental  s t r e s s e s  d u r i n g  f l i g h t  ac- 
cep tance  t e s t i n g  and can  b e  e a s i l y  adapted t o  
performance measurements. A d d i t i o n a l  p r o t e c t i v e  
packaging may b e  r e q u i r e d  d u r i n g  t r a n s i t .  R e -  
moval concep t s  are  known t o  be  f e a s i b l e  from 
e a r l i e r  c o n t r a c t  work, 

b )  The f l a p - t y p e  s t e r i l e  seam a l s o  meets t h e s e  c r i -  
t e r i a .  Note, however, t h a t  t h e  mounting b r a c k e t  
i n  t h e  s p a c e c r a f t  shou ld  correspond t o  t h e  b a s e -  
p l a t e  d e s i g n  so  t h a t  v i b r a t i o n  t e s t s  o f  t h e  b a t -  
t e r y  on t h e  b a s e p l a t e  would be r e a s o n a b l y  r e -  
p r e s e n t a t i v e .  
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Recommendations 

The following recommendations can be drawn from this investi- 
gat ion: 

1) Development and evaluation of sterile packaging con- 
cepts should be instituted. Hardware investigations 
are now underway in MAST and the sterile-insertion- 
through-port-opening technique. This study has shown 
the feasibility of sterile assembly of batteries and, 
by inference, sterile assembly of heat-sensitive 
items. To complete the total system for use on fu- 
ture missions, suitable packaging must be developed 
and evaluated. 

2) A qualification/life test program should be considered 
for sterile assembled batteries. This investigation 
only demonstrated the feasibility of sterile assembly 
of ESB S-25  silver-zinc cells with ,no significant 
electrical degradation after five charge/discharge 
cycles, Additional evaluation of silver-zinc cells 
assembled as batteries is required before mission ap- 
plication could be recommended. A qualification pro- 
gram, limited to critical environments, appears to 
be desirable with a life test after the exposures to 
determine unknown electrical degradation effects from 
the environments and the sterile assembly. The life 
test could also include sample cell removal at periodic 
intervals, disassembly, and examination of deposition 
on the separators for possible use as an accelerated 
life test method. 

Martin Marietta Corporation 
Denver, Colorado, July 3 ,  1968 
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APPENDIX A 

EQUIPMENT DESCRIPTION 

Environmental  C o n t r o l  Equipment 

The f o l l o w i n g  i s  a d e s c r i p t i o n  of  m a t e r i a l s  and components 
used i n  t h e  i s o l a t o r  system. 

S t e r i l i z a t i o n  oven ( p a s s c l a v e ) .  - The s t a i n l e s s  s t e e l  pass-  
c l a v e  ( f i g .  A l )  c an  be  used t o  p rov ide  m o i s t  h e a t  a t  121°C o r  d r y  
h e a t  s t e r i l i z a t i o n .  It has  s e a l e d  cove r s  on t h e  f r o n t  and back 
and i s  b o l t e d  and s e a l e d  t o  t h e  i s o l a t o r  system. An au tomat i c  
t empera tu re  c o n t r o l l e r ,  a temperature  i n d i c a t o r ,  and i n l e t  and 
vent v a l v e s  a r e  mounted i n  t h e  t o p  and bottom. (Mfg: Kewaunee 
S c i e n t i f i c  Equipment, Order Number 718-SS.) 

C o n t r o l l e d  atmosphere chambers ( i s o l a t o r s ) .  - The t h r e e  i s o -  
l a t o r s  have a n  o v e r a l l  dimension o f  13 f t  3 1/8 i n .  by 43 i n .  by 
25 i n .  The i s o l a t o r s  a r e  j o i n e d  by i n t e r c h a n g e  compartments, 
1 2 x 1 2 ~ 1 2  i n . ,  which have s e a l e d  doors  on bo th  ends and i n l e t /  
vent v a l v e s  on t h e  t o p  and bottom. Four g love  p o r t s  equipped w i t h  
neoprene g loves  ( C h a r l e s t o n  Rubber Co.) a r e  mounted i n  each i s o l a -  
t o r  (two p o r t s  pe r  i s o l a t o r  s i d e ) .  Each chamber i s  a l s o  equipped 
w i t h  i n l e t / v e n t  v a l v e s  (two pe r  i s o l a t o r  s i d e ) .  An u l t r a v i o l e t  
lamp i s  mounted i n s i d e  each chamber o f  t h e  i s o l a t o r  system. The 
i s o l a t o r  s e t u p  i s  shown i n  f i g u r e  A 2 .  (Mfg: Kewaunee S c i e n t i f i c  
Equipment, Model 2C391.) 

Elec t ro-hygrometer .  - The hygrometer s e n s i n g  u n i t  i s  mounted 
i n  t h e  roof  o f  chamber 1. The hygrometer was used t o  measure 
humidi ty  from 0 t o  100%. (Mfg: Lab-Line Ins t rumen t  Company.) 

A d d i t i o n a l  environmental  suppor t  i t e m s .  - The f o l l o w i n g  i s  a 
l i s t  of m e t e r i a l s  used as  a n  a d j u n c t  t o  t h e  b a s i c  i s o l a t o r  system 
( a n  e x p l a n a t i o n  o f  t h e  r e s p e c t i v e  u s e  of  t h e  i t e m s  l i s t e d  w i l l  be  
found i n  t h e  body o f  t h e  r e p o r t ) :  

Aluminum f o i l  (A lcoa ) ;  

Chromatography paper  (Whatman); 

Anaerobic j a r  (BBL); 

Ni t rogen  (L inde ) ;  

P e t r i  d i s h e s  (Van Waters and Rogers) ;  

F l a s k  (Pyrex ,  2 l i t e r ) ;  

Tygon t u b i n g  ( 1 / 4  i n .  i n s u l e  d i a m e t e r ) ;  

Displacement b l a d d e r .  
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APPENDIX A 

Figure A l a -  Stainless Steel Sterilization Oven 
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APPENDIX A 

Test Equipment 

The following test equipment was used in the program: 

1) Digital dc voltmeter - Dana model 5600; 
2) Power supply - Capable of delivering current of 0 to 

15 A within range of 0 to 50 V (Sorensen Nobatron 
DCR-40-TOA) ; 

3) Load tester (tensile strength) - Instron model TM. 
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APPENDIX B 

STERILIZATION PROCEDURES 

Component S t e r i l i z a t i o n  Tes ts  

Tes t  samples were p laced  i n  a vacuum oven, and t h e  chamber 
was s e a l e d ,  The chamber was purged w i t h  d r y  (99%) n i t r o g e n .  
Purge was cont inued  f o r  10 minutes  w h i l e  t h e  chamber v e n t  v a l v e  
was a d j u s t e d  f o r  s t e a d y  f low.  The v e n t  v a l v e  was then  c l o s e d ,  
and t h e  chamber evacuated t o  70 f t o r r .  A f t e r  e v a c u a t i o n  t h e  
chamber w a s  b a c k f i l l e d  w i t h  d r y  n i t r o g e n .  Temperature was now 
r a i s e d  t o  135 + 5OC i n  6 h r  fol lowed by a n i t r o g e n  purge and 
maintenance a t  a t empera tu re  o f  135OC f o r  60 h r .  The oven con- 
t r o l l e r  was se t  t o  r e t u r n  t o  ambient t empera tu re  i n  approximate ly  
6 h r ,  and n i t r o g e n  purge maintained a f t e r  r each ing  ambient tem- 
p e r a t u r e ,  The n i t r o g e n  v a l v e  w a s  c l o s e d ,  t h e  chamber opened, and 
samples removed. 

Cel lophane S e p a r a t o r  S t e r i l i z a t i o n  T e s t s  a t  135 and 125°C 

Four s t a n d a r d  s e p a r a t o r  s h e e t s  (19.1x5.87 i n . )  were wrapped 
on a f i b e r g l a s  c y l i n d e r  ( 4 - i n .  d i a m e t e r )  and covered w i t h  two 
l a y e r s  of  aluminum f o i l .  The f o i l  was f o l d e d  ove r  t h e  ends of  
t h e  drum and was taped i n  p l a c e  w i t h  s t e r i l i z a t i o n  i n d i c a t o r  t a p e .  
The f o i l  package was p laced  i n  t h e  oven and hea ted  t o  135 o r  
125OC f o r  60 h r  i n  a d r y  n i t r o g e n  atmosphere.  A f t e r  t e r m i n a t i o n  
of  t h e  h e a t  c y c l e  and cooldown, t h e  foi l -wrapped c y l i n d e r  was r e -  
moved from t h e  oven and examined f o r  p h y s i c a l  and dimensional  
changes.  
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APPENDIX C 

STERILE ASSEMBLY OPERATIONS 

T h i s  appendix d e s c r i b e s  t h e  m a t e r i a l  requi rements  and t h e  pro-  
cedures  invo lved  i n  conduct ing  t h e  s t e r i l e  assembly o p e r a t i o n .  
S u f f i c i e n t  d e t a i l  has  been i n c o r p o r a t e d  t o  p e r m i t  o t h e r  i n v e s t i -  
g a t o r s  t o  fo l low t h e  o p e r a t i o n s .  

C e l l  Assembly Equipment and M a t e r i a l s  

The fo l lowing  l i s t  o f  s u p p o r t  items a r e  needed t o  c a r r y  o u t  
t h e  c e l l  assembly procedures  (see f i g s .  C 1  and C2): 

P l a t e  wrapping p l a t f o r m  (MM-BAT7656-1) - G l a s s  f i l l e d  
melamine, mounted on a n  aluminum b a s e ;  

P o s i t i v e  p l a t e  f o l d i n g  form (MM-BAT7656-1) - Glass 
f i l l e d  melamine p l a t e  , 1 . 8 1 ~ 8  .OxO.O15 i n ,  ; 

P o s i t i v e  p l a t e  "U" f o l d  rod (MM-BAT7656-3) - S t a i n l e s s  
s t ee l  rod ,  4.0x0.06 i n .  i n  d i a m e t e r ;  

C e l l  pack assembly f i x t u r e  (MM-BAT7656-4) - Phenol ic  
s i d e s  and pheno l i c  impregnated l i n e n  t o p ,  1 . 8 9 ~ 3 . 1 8 ~  
1 .58  i n . ;  

Terminal  h e i g h t  l o c a t i n g  p l a t e  (MM-BAT7656-4B) - F i b e r -  
g l a s  , 3 .Ox2.5xO .12 i n . ;  

S o l d e r i n g  s h i e l d  (MM-BAT7656-4D) - F i b e r g l a s  , 3 - 0 ~ 2 . 5 ~  
0.12 i n . ;  

Carbon r e s i s t a n c e  s o l d e r i n g  t o o l  (MM-BAT7656-5) - 
3 Vac 600 W ;  

S o l d e r i n g  t o o l  power supply  - 120 Vac pr imary,  3 Vac 
secondary,  10 A o u t p u t ;  

C e l l  clamping frame (MM-BAT7656-6); 

Terminal ho ld ing  wrench (MM-BAT7656-4C); 

S o l d e r . -  SN60, S o l i d  1 / 1 6 - i n .  d i a m e t e r ;  

Kester pas t e  s o l d e r  f l u x ;  

Wire c u t t e r s ;  

Nut and cap wrench (MM-BAT7656-7); 

Funne l ,  g l a s s ;  

Nylon cement - Prepared  by mixing 10 g R e s o r c i n o l  w i t h  
10 g of  80% e t h y l  a l c o h o l .  
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P l a t e  f o l d i n g  p l a t f o r m  

C e l l  pack assembly f i x t u r e  

So lde r  f l u x  

So lde r  

Wire c u t t e r s  

Terminal  h e i g h t  l o c a t i n g  p l a t e  

Terminal ho ld ing  wrench 

So lde r ing  s h i e l d  
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F i g u r e  C1 . -  C e l l  Assembly Equipment and M a t e r i a l s  
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C e l l  Components 

The fo l lowing  b a s i c  c e l l  components a r e  r e q u i r e d  t o  assemble 
t h e  b a t t e r i e s  c o n s t r u c t e d  i n  t h i s  program ( f i g .  C3): 

1) P o s i t i v e  p l a t e  (15 r e q u i r e d )  - ESB/EMED 7-10987-1; 

2) End n e g a t i v e  p l a t e  (2 r e q u i r e d )  - ESB/EMED 7-10986-2; 

3 )  Negat ive  p l a t e  (14  r e q u i r e d )  - ESB/EMED 7-10986-1; 

4) Nylon t a f f e t a  - ESB/EMED 150-10124-1N and 2N, 7 (-2N) 

5) Cel lophane (8 s h e e t s  r e q u i r e d )  - ESB/EMED 150-10124- 

6) Terminal  p o s t  (2 r e q u i r e d )  - ESB/EMED 150-10006-6; 

7) C e l l  c a s e  ( 1  r e q u i r e d )  - Nylon MB 57899; 

8) L i q u i d  v i n y l  - Okuns l i q u i d  v i n y l ;  

9) Gasket (2  r e q u i r e d )  - ESB/EMED 150-10014-18; 

s h e e t s  r e q u i r e d ,  1 (-1N) s h e e t  r e q u i r e d ;  

1c; 

10) C e l l  cover  (1 r e q u i r e d )  - ESB/EMED 7-10996; 

11) F l a t  washer (2  r e q u i r e d )  - ESB/EMED 150-10015-10; 

12) Hex n u t  ( 4  r e q u i r e d )  - ESB/EMED 150-10013-2; 

13) Vent plug (1 r e q u i r e d )  - ESB/EMED 150-10098-2; 

14) Lock washer ( 2  r e q u i r e d )  - ESB/EMED 150-10041-3; 

15) E l e c t r o l y t e  - Potassium hydroxide (KOH), 1.399 s p e c i f i c  
g r a v i t y ,  72 m l l b o t t l e .  

I s o l a t o r  Decontamination 

Before  t h e  s t a r t  o f  s t e r i l e  assembly, t h e  i n t e r i o r  of  t h e  
i s o l a t o r  was decontaminated by f l o o d i n g  t h e  t o t a l  system w i t h  
Oxyfume 1 2  a t  a r e l a t i v e  humidi ty  of  40% a t  room tempera ture  f o r  
f i v e  d a y s ,  

Dry Heat S t e r i l i z a t i o n  o f  C e l l  Components 

C e l l  components were prepared a s  d e s c r i b e d  below b e f o r e  t h e  
p a s s c l a v e  d r y  h e a t  s t e r i l i z a t i o n ,  

P o s i t i v e  p l a t e s  (15),  n e g a t i v e  p l a t e s  ( 1 4 ) ,  and n e g a t i v e  end 
p l a t e s  (2) r e q u i r e d  f o r  assembly 
r a t e l y  by wrapping t h e  groups o f  
s t r i p  was p laced  i n  t h e  packages 
p l a t e s .  

o f  each  c e l l  were packaged sepa-  
p l a t e s  i n  aluminum f o i l .  A spore  
o f  p o s i t i v e  p l a t e s  and n e g a t i v e  
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Terminal  p o s t s ,  l o c k  washers ,  f l a t  washers  (2  e a c h  p e r  c e l l ) ,  
and hex n u t s  ( 4  p e r  c e l l )  were packaged i n  aluminum f o i l .  A s p o r e  
s t r i p  was inc luded  i n  t h e s e  p a c k e t s  a l s o .  

Nylon t a f f e t a  s h e e t s  ( 7  l a r g e  and 1 small  p e r  c e l l )  and two 
s p o r e  s t r i p s  were wrapped i n  chromatography p a p e r .  The paper was 
fo lded  ove r  t h e  t a f f e t a ,  and t h e  edges were s e a l e d  w i t h  masking 
t a p e .  

Cel lophane s h e e t s  (8 p e r  c e l l )  were r o l l e d  i n  chromatography 
pape r ,  and t h e  r o l l  was i n s e r t e d  i n t o  an a n a e r o b i c  j a r .  Two s p o r e  
s t r i p s  were used w i t h  t h e  c e l l o p h a n e .  The l i d  was t h e n  placed on 
t h e  j a r  and clamped i n  p l a c e .  

Vent p lugs  and s e a l s  (1 each  p e r  c e l l )  and a s p o r e  s t r i p  were 
packaged i n  an aluminum f o i l  package. 

The d r y  h e a t  c y c l e  was performed a s  fo l lows :  

Turn h e a t e r  b l a n k e t  on t o  p r e h e a t  p a s s c l a v e ;  

P r e h e a t  approximately 4 h r ;  

P l a c e  p a r t s  i n t o  p a s s c l a v e  and l o c k  door;  

Open n i t r o g e n  i n p u t  and o u t p u t  v a l v e s  t o  p a s s c l a v e  
and purge f o r  5 minutes a t  2 l b  p r e s s u r e ;  

Shut o f f  n i t r o g e n  i n p u t  and o u t p u t  v a l v e s  t o  p a s s c l a v e ;  

Check t empera tu re  f o r  135°C and main ta in  f o r  60 h r ;  

Turn o f f  h e a t e r ;  

Open n i t r o g e n  i n p u t  and o u t p u t  v a l v e s  t o  p a s s c l a v e ;  

S e t  n i t r o g e n  r e g u l a t o r  t o  approximately 2 l b ;  

Cool p a s s c l a v e  t o  approximately 40OC; 

Turn o f f  n i t r o g e n  i n p u t  and o u t p u t  v a l v e s  on p a s s c l a v e ;  

Open t h e  i n n e r  door and remove p a r t s .  

Moist  Heat S t e r i l i z a t i o n  Cycle  

Equipment and m a t e r i a l s  s u b j e c t e d  t o  moist  h e a t  s t e r i l i z a t i o n  
were : 

1) P l a t e  f o l d i n g  p l a t fo rm;  

2) P o s i t i v e  p l a t e  wrapping form; 
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P o s i t i v e  p l a t e  U-fold rod;  

C e l l  pack assembly f i x t u r e ;  

Terminal h e i g h t  l o c a t i n g  p l a t e ;  

Lug hold ing  wrench; 

So lde r ing  s h i e l d ;  

C e l l  ho ld ing  frame; 

So lde r ;  

Funnel ; 

Nylon cement, i n  t e s t  tube ;  

C e l l  c a s e s  and cove r s  ( a f t e r  d r y  c y c l e  t o  r e j u v e n a t e ) ;  

Torque wrench; 

Wire c u t t e r s .  

The moist  h e a t  s t e r i l i z a t i o n  procedure f o r  c e l l  m a t e r i a l s  and 
equipment i s  a s  fo l lows:  

Turn on steam g e n e r a t o r ;  

Open v a l v e s  on t o p  and bottom of  a u t o c l a v e  and purge 
w i t h  steam f o r  5 minutes be fo re  p u t t i n g  i n  p a r t s ;  

Shut o f f  steam i n p u t  v a l v e ;  

A s  soon a s  steam p r e s s u r e  i s  zero  i n  a u t o c l a v e ,  open 
t h e  door  and p l a c e  p a r t s  i n s i d e ;  

Close  door  and t u r n  on steam i n p u t  v a l v e  w i t h  d r a i n  
v a l v e  open; 

Purge chamber w i t h  l i v e  steam f o r  5 minutes;  

Close d r a i n  v a l v e ;  

Autoclave f o r  30 minutes;  

Shut o f f  steam i n p u t  v a l v e ;  

Decrease steam p r e s s u r e  by s lowly  opening d r a i n  v a l v e  
u n t i l  p r e s s u r e  i s  ze ro ;  

Close  d r a i n  v a l v e ;  

Open n i t r o g e n  i n p u t  v a l v e  t o  a u t o c l a v e  and p r e s s u r i z e  
l i n e  t o  approximately 2 l b ;  

Open d r a i n  va lve  t o  d r a i n  n i t r o g e n  and accumulated 
mo i s t u r  e ; 
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14)  
15) Shut o f f  n i t r o g e n  i n p u t  and d r a i n  v a l v e s ;  

16) 

Cool a u t o c l a v e  w i t h  n i t r o g e n  u n t i l  t empera ture  i s  40°C; 

Open i n n e r  door  and remove p a r t s .  

Equipment and M a t e r i a l  Placement i n  I s o l a t o c s  

A l l  equipment and m a t e r i a l s  were t r a n s f e r r e d  d i r e c t l y  from t h e  
p a s s c l a v e  i n t o  t h e  f i r s t  i s o l a t o r .  A l l  assembly m a t e r i a l s  and 
equipment were n o t  t r a n s f e r r e d  t o  t h e  second i s o l a t o r  u n t i l  b i o -  
l o g i c a l  s e c u r i t y  was v e r i f i e d .  I s o l a t o r  3 was used f o r  t h e  f i l l -  
i n g  o f  t h e  s t e r i l e  c e l l s  w i t h  e l e c t r o l y t e  and f o r  e l e c t r i c a l  t e s t -  
i n g .  

Note: A l l  passway door s  were c l o s e d  b e f o r e  opening t h e  pass-  
c l a v e  o r  a passway door  t o  a n  a d j o i n i n g  i s o l a t o r .  A l l  
s t e r i l e  items were passed through t h e  i s o l a t o r  system 
'as fo l lows :  

1) Equipment and m a t e r i a l s  were t r a n s f e r r e d  i n t o  t h e  
passway between t h e  f i r s t  and second i s o l a t o r s  by 
opening t h e  passway door  i n  t h e  f i r s t  i s o l a t o r ,  
p l a c i n g  t h e  equipment and m a t e r i a l s  i n  t h e  passway, 
and c l o s i n g  t h e  door ;  

2)  The passway door i n  t h e  second i s o l a t o r  was t h e n  
opened, t h e  m a t e r i a l s  and equipment were removed, 
and t h e  door was c l o s e d ;  

3 )  Passage o f  equipment and m a t e r i a l s  i n t o  t h e  t h i r d  
i s o l a t o r  was accomplished i n  t h e  same manner. 

I so  1 a t  o r Environment 

Before  t h e  s t a r t  and throughout  t h e  assembly o p e r a t i o n s ,  r e l a -  
t i v e  humidi ty  o f  40% was maintained i n s i d e  t h e  i s o l a t o r s  t o  a s s i s t  
i n  t h e  h u m i d i f i c a t i o n  of  t h e  nylon c e l l  e lements  and t h e  c e l l o -  
phane s e p a r a t o r s .  I n  a d d i t i o n ,  a p o s i t i v e  p r e s s u r e  (1 i n .  water) 
w a s  main ta ined  i n s i d e  t h e  i s o l a t o r  system a t  a l l  t i m e s .  A l l  germi- 
c i d a l  lamps i n  t h e  i s o l a t o r  system were tu rned  on a t  t h e  s t a r t  of 
t h e  program. The lamps w e r e  n o t  t u rned  o f f  a t  any t i m e  d u r i n g  
t h e  program. 
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S tep-by-s tep  C e l l  Assembly Opera t ion  

. - P l a c e  one s h e e t  of  ce l lophane  (ESB/EMED 
150- of  nylon t a f f e t a  (ESB/EMED 150-10124-2N), 
t h e  p o s i t i v e  p l a t e  wrapping form (MM-BAT7656-l), and two p o s i t i v e  
p l a t e s  (ESB/EMED 7-10987-2) on t h e  p l a t e  f o l d i n g  p l a t f o r m  (MM-BAT- 
7656-2).  Fold ce l lophane  and t a f f e t a  over  p o s i t i v e  p l a t e s .  G r i p  
t h e  p l a t e s  and wrapping form s e c u r e l y ,  f o l d  over  t o  o b t a i n  one 
complete l a y e r  o f  t a f f e t a  around t h e  p l a t e s  and f i v e  l a y e r s  of  
ce l lophane  around t h e  t a f f e t a  a s  shown i n  f i g u r e  C4. 

Note: Tens ion  i s  a p p l i e d  t o  t h e  ce l lophane  t o  ensu re  a t i g h t  
f o l d .  

P a r t i a l l y  withdraw t h e  wrapping form p a s t  t h e  space  between t h e  
bottom of  t h e  p l a t e s  and p l a c e  t h e  U-fold rod (MM-BAT7656-3) i n  
t h e  c e n t e r  o f  t h i s  space  a s  shown i n  f i g u r e  C5. Fold  t h e  assembly 
so t h e  t o p  edges o f  t h e  p l a t e s  and t h e  t o p  edges o f  t h e  s e p a r a t o r  
m a t e r i a l  a r e  a l i g n e d ,  r e s p e c t i v e l y .  Withdraw t h e  wrapping form 
and U-fold rod .  

- *  

- 
Cell pack assembly. - P l a c e  c e l l  pack assembly f i x t u r e  (MM- 

BAT7656-4) i n  p o s i t i o n  f o r  s t a c k i n g  p l a t e s .  P l a c e  one end-negat ive  
p l a t e  (ESB/EMED 7-10986-4) i n  t h e  assembly f i x t u r e .  I n s e r t  one 
n e g a t i v e  p l a t e  (ESB/EMED 7-10986-1) i n  t h e  U-fold between t h e  
p o s i t i v e  p l a t e s  o f  t h e  p o s i t i v e  p l a t e  U-fold packe t ,  so t h e  nega- 
t i v e  p l a t e  t o p  edge i s  a l i g n e d  w i t h  t h e  p o s i t i v e  p l a t e  t o p  edges 
a s  shown i n  f i g u r e  C6. 

Note: Negat ive  p l a t e  l e a d  i s  t o  t h e  o p p o s i t e  edge of t h e  
packet  from t h e  p o s i t i v e  p l a t e  l e a d s .  

P l a c e  t h e  t h r e e - p l a t e  U-fold packet  (two p o s i t i v e  and one nega t ive )  
i n  t h e  pack assembly f i x t u r e  on t o p  o f  t h e  n e g a t i v e  end p l a t e .  
Repeat t h e  p o s i t i v e  p l a t e  wrap s teps  u n t i l  14  p o s i t i v e  p l a t e s  and 
13 n e g a t i v e  p l a t e s  have been p laced  i n  t h e  assembly f i x t u r e .  The 
1 5 t h  p o s i t i v e  p l a t e  i s  wrapped w i t h  a smal l  p i e c e  of  t a f f e t a  (ESB/ 
EMED 150-10124-1N0) and has  no p o s i t i v e  p l a t e  i n  one s i d e  of  t h e  
U-fold pack.  

Note: Care should be t aken  t o  ensu re  a l l  p l a t e s  a r e  o r i e n t e d  
so  t h e  n e g a t i v e  l e a d s  a r e  t o  one edge o f  t h e  pack and 
p o s i t i v e  l e a d s  t o  t h e  o t h e r  edge. 

I n s e r t  one end n e g a t i v e  p l a t e  (ESB/EMED 7-10986-2) i n  t h e  U-fold 
o f  t h e  1 5 t h  p o s i t i v e  p l a t e  packe t .  The empty s e c t i o n  o f  t h e  pack- 
e t  should be on t o p  when p laced  i n  t h e  assembly f i x t u r e .  I n s t a l l  
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t h e  assembly f i x t u r e  f r o n t  pane l  (MM-BAT7656-4A) and p l a c e  f i x t u r e  
on e n d ,  I n s p e c t  and a d j u s t  i n s u l a t i o n  t u b i n g  t o  touch  t o p  of  re- 
s p e c t i v e  p l a t e s .  
a l i g n e d  and t h e  p o s i t i v e  and n e g a t i v e  p l a t e  l e a d s  a r e  i n  s t r a i g h t  
rows. Form l e a d  wires, above t o p  o f  s e p a r a t o r s  toward the c e n t e r  
p l a t e s .  P l a c e  t e r m i n a l  h e i g h t  l o c a t o r  p l a t e  (MM-BAT7656-4B) on 
t o p  o f  assembly.  I n s e r t  t e r m i n a l  l e a d  wires  i n  t e r m i n a l  p o s t  
(ESB/EMED,150-10006-6) so  t e r m i n a l s  rest  on h e i g h t  l o c a t o r  p l a t e .  
R a i s e  t e r m i n a l  p o s t  h i g h  enough t o  p e r m i t  bundl ing  o f  l e a d  wires 
w i t h  a sma l l  p i e c e  o f  s i l v e r  w i r e .  Remove t h e  t e r m i n a l  p o s t s ,  
i n v e r t  t h e  f i x t u r e ,  and c u t  t h e  l e a d  w i r e  bundles  so t h e y  w i l l  be  
0 .19  f 0.03 i n .  below t h e  t o p  o f  t h e  t e r m i n a l  p o s t  when reassem- 
b l e d .  P l a c e  t h e  f i x t u r e  back i n  t h e  u p r i g h t  p o s i t i o n .  Replace  
t h e  t e r m i n a l  p o s t s  and remove t h e  t i e  w i r e s  from t h e  l e a d  b u n d l e s .  
I n s p e c t  assembly f o r  t e r m i n a l  p o s t  p o s i t i o n  and p l a t e  a l ignmen t .  
P l a c e  t h e  t e r m i n a l  ho ld ing  wrench (MM-BAT7656-4C) and s o l d e r i n g  
s h i e l d  (MM-BAT7656-4DO) ove r  t e r m i n a l  p o s t s  and s e c u r e  i n  p o s i t i o n  
w i t h  two % - i n .  10-32 sc rews ,  Apply a sma l l  amount o f  f l u x  t o  t h e  
end o f  t h e  t e r m i n a l  p o s t s .  So lde r  t h e  l e a d  wires i n  t h e  t e r m i n a l  
p o s t s  by p l a c i n g  t h e  t i p  o f  t h e  r e s i s t a n c e  s o l d e r i n g  t o o l  (MM-BAT- 
7656-5) a t  t h e  t o p  edge o f  t h e  t e r m i n a l  p o s t  a s  shown i n  f i g u r e  
C 7 ,  and a p p l y  s o l d e r  u n t i l  approximate ly  3 / 8  i n .  h a s  flowed i n t o  
t h e  t e r m i n a l ,  Remove t h e  two 10-32 screws,  t h e  s o l d e r i n g  s h i e l d ,  
t e r m i n a l  ho ld ing  wrench, and h e i g h t  l o c a t o r  p l a t e .  I n s p e c t  f o r  
s o l d e r  below t h e  t e r m i n a l  p o s t s  and on t o p  of  t h e  c e l l  pack. 

I n s p e c t  and a d j u s t  p l a t e s  so  the t o p  edges a r e  

F i n a l  c e l l  assembly. - Remove c e l l  pack assembly from t h e  a s -  
sembly f i x t u r e s ,  and c a r e f u l l y  i n s e r t  i n  a c e l l  c a s e  (ESB/EMED 
MB-57899) u n t i l  t h e  s e p a r a t o r s  a r e  even w i t h  t h e  c a s e  t o p  edge.  
Coat t h e  u n d e r s i d e  o f  t h e  t e r m i n a l s  and a l l  exposed w i r e  w i t h  
l i q u i d  v i n y l .  Allow 2 h r  f o r  v i n y l  t o  d r y ,  
on t e r m i n a l  p o s t s .  Check p o l a r i t y  t o  a s s u r e  t h e  p o s i t i v e  and 
n e g a t i v e  p o s t s  a r e  i n s e r t e d  i n  h o l e s  i d e n t i f i e d  w i t h  p l u s  (+) and 
minus (-),  r e s p e c t i v e l y .  P l a c e  f l a t  washer (ESB/EMED 150-10015) 
ove r  each  t e r m i n a l  p o s t .  Secure cover  t o  t e r m i n a l  p o s t s  u s i n g  
one hex n u t  (ESB/EMED 150-10013) on each  t e r m i n a l .  I n s e r t  t h e  
c e l l  pack comple te ly  i n  t h e  c a s e  so  t h e  cover  i s  f i r m l y  i n  p o s i -  
t i o n  i n  t h e  c a s e  s h o u l d e r .  Cement t h e  cover  t o  t h e  c a s e  u s i n g  
nylon cement, and p l a c e  c e l l  i n  clamping frame (MM-BAT7656-6). 
Allow 48 h r  f o r  cement t o  d r y  b e f o r e  f i l l i n g  w i t h  e l e c t r o l y t e .  

I n s t a l l  nylon cover  

C e l l  f i l l i n g .  - The c e l l s  were f i l l e d  by p l a c i n g  a g l a s s  fun- 
n e l  i n t o  t h e  f i l t e r  opening i n  t h e  l i d  (see f i g ,  C 8 ) .  The cap 
was removed from t h e  e l e c t r o l y t e  s t o r a g e  b o t t l e ,  and t h e  c o n t e n t s  
o f  t h e  b o t t l e  (72 m l )  were poured i n t o  t h e  c e l l .  The funne l  was 
removed, and t h e  vented  plug was p l aced  i n  t h e  f i l l e r  opening.  
The plug was t i g h t e n e d  u n t i l  t h e  g a s k e t  was j u s t  compressed. 
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C e l l s  were kep t  i n  a n  u p r i g h t  p o s i t i o n  and al lowed t o  s t a n d  
for 3 t o  7 days b e f o r e  beginning e l e c t r i c a l  t e s t i n g .  
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CHARGE/DISCHARGE TEST PROCEDURE 

Formation Cycle  

Charge sequence.  - The charge  sequence i s  as fo l lows:  

5 )  

7 )  

Connect t e s t  c e l l s  t o  t h e  charge  c i r c u i t  as shown 
i n  f i g u r e  D 1 ;  

Read and r eco rd  t h e  open c i r c u i t  v o l t a g e  of each c e l l ;  

Record t e s t  s t a r t  t i m e ;  

Adjus t  power supply  t o  o b t a i n  a 2-A charge  r e a d i n g  
on t h e  ammeter; 

Check m i l l i v o l t  r e a d i n g  a c r o s s  t h e  shunt  and a d j u s t  
power  supply  c u r r e n t  t o  o b t a i n  a 20-mV read ing  on 
t h e  d i g i t a l  v o l t m e t e r ;  

Read and r eco rd  v o l t a g e  and c u r r e n t  of each c e l l  
every h a l f  hour d u r i n g  charge;  

Check m i l l i v o l t  r e a d i n g  a c r o s s  shun t  every  hour t o  
v e r i f y  charge  c u r r e n t  accuracy;  

Discont inue  charge  of each c e l l  as i t s  r e s p e c t i v e  
v o l t a g e  r eaches  2 . 1  V .  

Letdown d i s c h a r g e .  - The letdown d i s c h a r g e  sequence i s  as 
fo l lows:  

Adjus t  t h e  v a r i a b l e  r e s i s t a n c e  of f i g u r e  D2 t o  t h e  
proper  v a l u e  f o r  t h e  number of t e s t  ce l l s  be ing  d i s -  
charged .  C e l l s  o t h e r  than  t es t  specimens (Ag-Zn type)  
a r e  used f o r  c a l i b r a t i o n  purposes .  The r e s i s t a n c e  
va lue  then  remains c o n s t a n t  f o r  t h e  t e s t  d u r a t i o n ;  

Remove c a l i b r a t i o n  c e l l s  and connect  t e s t  c e l l s  t o  
t h e  charge  c i r c u i t  as shown i n  f i g u r e  D 2 ;  

Read and r e c o r d  t h e  open c i r c u i t  v o l t a g e  of each 
c e l l ;  

Record t e s t  s t a r t  t ime; 

Adjus t  t h e  power supply  t o  o b t a i n  a 4-A d i s c h a r g e  
c u r r e n t  r ead ing  on t h e  ammeter; 

Check t h e  m i l l i v o l t  r ead ing  a c r o s s  t h e  shun t ,  and 
a d j u s t  power supply  c u r r e n t  t o  o b t a i n  a 20-mV read -  
i n g  on t h e  d i g i t a l  vo l tme te r ;  

, 
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7 )  

8 )  Check t h e  m i l l i v o l t  r e a d i n g  a c r o s s  t h e  shun t  every  

9 )  

Read and r e c o r d  t h e  v o l t a g e  and c u r r e n t  of  each c e l l  
every  h a l f  hour  d u r i n g  d i s c h a r g e ;  

hour t o  v e r i f y  d i s c h a r g e  c u r r e n t  accuracy;  

D i scon t inue  d i s c h a r g e  of  each  c e l l  when i t s  r e s p e c t i v e  
v o l t a g e  r eaches  1.00 V. 

O p e r a t i o n a l  Cycle  

Charge sequence.  - The cha rge  sequence f o r  t h e  o p e r a t i o n a l  
c y c l e  i s  a n  i d e n t i c a l  p rocedure  as t h a t  g iven  above f o r  t h e  forma- 
t i o n  c y c l e .  

Discharge  sequence.  - The d i s c h a r g e  sequence i s  as fo l lows :  

1) Adjus t  t h e  v a r i a b l e  r e s i s t a n c e  o f  f i g u r e  D2  t o  proper  
v a l u e  f o r  t h e  number of c e l l s  b e i n g  d i s c h a r g e d .  C e l l s  
o t h e r  t han  t e s t  specimens (Ag-Zn type)  a r e  used f o r  
c a l i b r a t i o n  purposes .  The r e s i s t a n c e  v a l u e  t h e n  r e -  
mains c o n s t a n t  f o r  t h e  t e s t  d u r a t i o n ;  

2 )  Remove c a l i b r a t i o n  c e l l s  and connec t  t e s t  c e l l s  t o  
t h e  cha rge  c i r c u i t  as shown i n  f i g u r e  D 1 ;  

Read and r e c o r d  t h e  open c i r c u i t  v o l t a g e  of each 
c e l l ;  

3 )  

4 )  Record t e s t  s t a r t  t ime;  

5 )  Ad jus t  t h e  power supp ly  t o  o b t a i n  a 10-A d i s c h a r g e  
c u r r e n t  r e a d i n g  on t h e  ammeter; 

6 )  Check t h e  m i l l i v o l t  r e a d i n g  a c r o s s  t h e  shun t ,  and 
a d j u s t  power supply  c u r r e n t  t o  o b t a i n  a 50-mV r e a d -  
i n g ;  

Read and r e c o r d  t h e  v o l t a g e  and c u r r e n t  of each 
c e l l  every  h a l f  hobr d u r i n g  d i s c h a r g e ;  

Check t h e  m i l l i v o l t  r e a d i n g  a c r o s s  t h e  shun t  every  
hour t o  v e r i f y  d i s c h a r g e  c u r r e n t  accuracy;  

D i scon t inue  d i s c h a r g e  of  each c e l l  when i t s  r e s p e c t i v e  
v o l t a g e  r eaches  1 .00  V. 

7 )  

8)  

9 )  

101 



APPENDIX E 

MICROBIOLOGICAL CONTROL AND ASSAY PROCEDURES 

Media P r e p a r a t i o n  

Peptone water. - Peptone water (Difco) w a s  prepared  by d i s -  
s o l v i n g  10 of  t h e  powder i n  a l i t e r  of d i s t i l l e d  wa te r .  The re- 
s u l t i n g  s o l u t i o n  w a s  t hen  d i spensed  i n t o  p l a s t i c  b o t t l e s  (8-02 
polypropylene b o t t l e s )  and au toc laved  (12loC,  20 minutes) .  The 
b o t t l e s  were then  incubated  f o r  5 days  t o  check f o r  s t e r i l i t y .  

Trypt icase  Soy Broth (TSB). - T r y p t i c a s e  Soy Broth (BBL) w a s  
prepared  by adding  30 g of t h e  powder t o  a l i t e r  of  d i s t i l l e d  
water. The r e s u l t i n g  s o l u t i o n  w a s  t hen  d i spensed  i n t o  t u b e  o r  
b o t t l e  and au toc laved  ( 1 2 l 0 C ,  20 minutes) .  The s o l u t i o n s  w e r e  
t hen  incubated  f o r  5 days t o  check f o r  contaminat ion .  I f < n o  v i s -  
i b l e  contaminat ion  w a s  no ted ,  t h e  s o l u t i o n s  were deemed s t e r i l e  
and ready  f o r  u s e .  

T r y p t i c a s e  SOY Agar (TSA). - T r y p t i c a s e  Soy Agar (BBL) w a s  
prepared by d i s s o l v i n g  40 g of  t h e  powder i n  a l i t e r  of d i s t i l l e d  
water. The r e s u l t i n g  s o l u t i o n  w a s  au toc laved  ( 1 2 l 0 C ,  20 minu tes ) ,  
a f t e r  which i t  w a s  used f o r  pour o r  s t r e a k  p l a t e s .  The uninocu- 
l a t e d  s t r e a k  p la tes  were incubated  f o r  2 days t o  check f o r  con- 
t amina t ion .  Pour p l a t e s  were checked by making two un inocu la t ed  
pour p l a t e s  a long  w i t h  each i n o c u l a t e d  set  t o  be examined. 

S t e r i l i z a t i o n  P rocess  Eva lua t ion  

Autoclave.  - I t e m s  t o  be steam s t e r i l i z e d  were p laced  i n  t h e  
a u t o c l a v e  a long  w i t h  a spore  s t r i p  (AMSCO Corp.) .  The spore  s t r i p  
w a s  g e n e r a l l y  l o c a t e d  i n  t h e  c e n t e r  of  a packet  of b a t t e r y  p l a t e s ,  
c o t t o n  pads,  o r  taped  t o  t h e  e x t e r i o r  of a t o o l ,  e t c .  I n  a l l  
c a s e s ,  t h e  spo re  s t r i p s  were l o c a t e d  i n  t h e  most i n v u l n e r a b l e  
p o s i t i o n  p o s s i b l e  w i t h  r ega rd  t o  steam p e n e t r a t i o n .  The a u t o -  
c l a v e  w a s  c losed  and purged f o r  5 minutes  w i t h  l i v e  steam, a f t e r  
which t h e  exhaust  v a l v e  w a s  c l o s e d .  The chamber w a s  t hen  p res -  
s u r i z e d  t o  approximate ly  2 1  l b  and 1 2 1 ° C  f o r  30 minutes .  A f t e r  
complet ion of t h e  a u t o c l a v e  c y c l e  t h e  chamber was cooled ,  and 
t h e  p a r t s  were removed and p laced  i n  chamber 1 of  t h e  i s o l a t o r  
system. The spore  s t r i p s  were removed, p l a c e d , i n  T r y p t i c a s e  Soy 
Broth and incubated  f o r  7 days .  I f  no growth w a s  no ted  from any 
of t h e  spo re  s t r i p s ,  t h e  p a r t s  and materials were t r a n s f e r r e d  
from chamber 1 t o  chamber 2 where a c t u a l  c o n s t r u c t i o n  took  p l ace .  
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Dry heat sterilization. Before a sterilization cycle, the 
chamber and the parts to be sterilized were preheated to 125OC 
(approximately 4 hr), The parts to be sterilized were wrapped 
in aluminum foil along with a spore strip (one spore strip per 
packet) and placed in the chamber in a thick walled aluminum box. 
The parts were heated at 125OC for 60 hr after which they were 
cooled and stored in isolator 1, 
placed in Trypticase Soy Broth and incubated for 7 days. 
growth was noted from any of the strips, the parts were trans- 
ferred to chamber 2 for assembly. 

The spore strips were removed, 
If no 

Assembly isolators. - Prior to installation of the end 
panels interconnecting the three isolators, each unit was washed 
with fresh 2.0% peracetic acid (City Chemical Gorp., New York), 
rinsed with sterile distilled water, and wiped dry with sterile 
cheese cloth. 
For bio-assay spore strips were placed in each isolator and the 
connecting passthroughs. The isolator system was then evacuated 
to 12 in. of water, as measured by a water column, and backfilled 
with Oxyfume 12 (Union Carbide Gorp., New York) until one in. of 
positive pressure was achieved within the system as indicated by 
the water column. 
sterile nitrogen and evacuated again to 12 in. of water and back- 
filled with Oxyfme 12 to a positive internal pressure of 2 in. 
of water. Humidity was introduced into the isolator atmosphere 
by evaporation of sterile water from two 100 x 15 mm petri dishes. 
The Oxyfume 12 was maintained in the system for 68 hours. At the 
end of the 68 hour period the exposed spore strips were assayed in 
TSB. When no evidence of growth was observed after 48 hours, the 
isolator system was flushed three times by alternate filling and 
evacuation of dry sterile nitrogen. The third filling of nitro- 
gen was maintained as the sterile atmosphere for assembly and 

The end panels were then installed and sealed, 

The system was purged for an hour with dry 

test of the cells. 
days. 

All assays 

Microbiological 

were checked for growth for seven 

Assay Procedures 

Spore strip assays. - Spore strips to be assayed were removed 
The tubes were 

from their packets in a laminar flow bench and aseptically trans- 
ferred to 15 ml of sterile TSB in screw cap tubes. 
then incubated for 7 days, after which each tube was checked vis- 
ually for growth. 
for each set of spore strips. 

A positive control and a TSB blank were used 
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Assay of i s o l a t o r  assembled c e l l s .  - Twelve ce l l s ,  t h r e e  b a t -  
t e r ies ,  assembled under s t e r i l e  c o n d i t i o n s  were assayed  a f t e r  
e l e c t r i c a l  t e s t i n g .  One c e l l  packet  c o n s i s t i n g  of ce l lophane ,  
t a f f e t a ,  t h r e e  n e g a t i v e  p l a t e s ,  two p o s i t i v e  p l a t e s  and t h e  ex- 
t e r n a l  hardware ( t e r m i n a l s ,  i n c l u d i n g  n u t s  and washers)  was  as- 
sayed from each  c e l l  ( f i g .  E l ) .  The components of t h e  s e l e c t e d  
packet  were p laced  i n  s e p a r a t e  s t e r i l e  b o t t l e s  c o n t a i n i n g  s t e r i l e  
peptone water  (50 m l ) .  The peptone water (1%) w a s  au toc laved  
t w i c e ,  once a f t e r  i n i t i a l  p r e p a r a t i o n  and a g a i n  w h e n ' i t  w a s  passed 
i n t o  t h e  s t e r i l e  i s o l a t o r  system. The d isassembly  of t h e  c e l l s  
and concur ren t  immersion i n  peptone water w a s  c a r r i e d  o u t  i n s i d e  
chamber 1 of t h e  i s o l a t o r  system. I n d i v i d u a l  b o t t l e s ,  of peptone 
water ( c o n t a i n i n g  a c e l l  p a r t )  were removed from t h e  i s o l a t o r  
chamber and in sona ted  f o r  5 minutes .  A f t e r  u l t r a s o n i c a t i o n ,  t h e  
p a r t i c u l a t e  matter w a s  a l lowed t o  s e t t l e  f o r  1 h r ,  a f t e r  which a 
10 m l  a l i q u o t  w a s  removed from each  b o t t l e  and t r a n s f e r r e d  t o  
200 m l  of s t e r i l e  TSB. The b o t t l e s  of TSB were t h e n  incubated  
f o r  7 days.  I n  a d d i t i o n ,  a 2 m l  a l i q u o t  w a s  pour-p la ted  i n  TSA 
from each  b o t t l e  (pour p l a t e s  were made a f t e r  5 days of incuba-  
t i o n ) .  I f  no growth w a s  no ted  a f t e r  7 days ,  one - fou r th  of  one 
spore  s t r i p  w a s  added t o  each  n e g a t i v e  TSB b o t t l e  t o  check f o r  
growth i n h i b i t  i o n  

I n  a d d i t i o n  t o  t h e  a s s a y  of t h e  c e l l  p a c k e t s ,  t h e  e x t e r i o r  
of  16 of t h e  s t e r i l e  assembled c e l l s  were assayed  by swab. Cot ton 
swabs (prepared  i n  t h e  same manner as d e s c r i b e d  below) we t t ed  w i t h  
s t e r i l e  water w e r e  rubbed over  t h e  e x t e r i o r  of  t h e  c e l l  c a s e  of  
each  c e l l  sampled. The swab w a s  t hen  p laced  i n  15 m l  of s t e r i l e  
TSB and incuba ted  f o r  7 days t o  check f o r  growth. A p o s i t i v e  
growth t u b e  and a blank TSB tube  were used as c o n t r o l s .  

Assay of i s o l a t o r  system. - Four open p e t r i  d i s h e s  c o n t a i n i n g  
TSA w e r e  p laced  i n  each  of t h e  t h r e e  i s o l a t o r s .  One open p e t r i  
d i s h  w a s  p laced  i n  each  of  t h e  two connec t ing  chambers between 
t h e  i s o l a t o r s .  Once a week t h e  f i n g e r  t i p s  of  t h e  g loves  used 
i n  t h e  i s o l a t o r s  w e r e  p re s sed  on to  t h e  aga r  s u r f a c e  of  t h e  p e t r i  
d i s h e s .  The p e t r i  d i s h e s  were then  removed, incubated  f o r  7 days 
a t  3 2 O C ,  and examined v i s u a l l y  f o r  contaminat ion .  
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Subsequent t o  complet ion of t h e  p o s t - e l e c t r i c a l  t es t  b i o l o g i c a l  
a s s a y s  of t h e  c e l l s ,  t h e  i s o l a t o r  system was a s sayed  f o r  m i c r o b i a l  
contaminat ion .  Two series of 14 swabs each  were t e s t e d  d u r i n g  a 
two-week pe r iod .  A l l  a s s a y  materials were in t roduced  i n t o  t h e  
system through t h e  a u t o c l a v e  fo l lowing  s t a n d a r d  o p e r a t i n g  pro-  
cedures .  Four 4-sq- in .  areas pzr  i s o l a t o r  and one 4-sq- in .  area 
per  pass through were sampled i n  each  tes t  series. A f t e r  u se ,  t h e  
swabs were broken o f f  i n t o  i n d i v i d u a l  t u b e s  c o n t a i n i n g  15 m l  of 
T r y p t i c a s e  Soy Broth ,  s e a l e d  and passed o u t  of  t h e  i s o l a t o r  system. 
The tubes  evidenced no growth a f t e r  7 days of i ncuba t ion  a t  32OC. 
To check f o r  growth i n h i b i t i o n ,  one - t en th  of a spore  s t r i p  w a s  
added t o  each  t u b e  and i n c u b a t i o n  w a s  cont inued  f o r  48 h r .  A t  
t h e  end of t h i s  i n t e r v a l ,  p ro fuse  growth w a s  no ted  i n  a l l  tubes .  

To check f o r  p o s s i b l e  a i r b o r n e  contaminat ion  i n s i d e  t h e  i s o -  
l a t o r  system a s e r i e s  of m i l l i p o r e  f i l t e r s  w a s  connected t o  a l l  
t h e  i n l e t / o u t l e t  v a l v e s  of  t h e  i s o l a t o r  system ( f i g .  14,  which 
a p p e a r s  i n  t h e  s e c t i o n  e n t i t l e d  BIOLOGICAL ASPECTS). The f i l t e r  
(0.45 IJ. f i e l d  moni tors ,  M i l l i p o r e  Corp.) were connected t o  t h e  
va lves  w i t h  s t e r i l e  Tygon tub ing .  The f i l t e r s  were checked by 
removing t h e  f i e l d  moni tors  and t r a n s f e r r i n g  them t o  a laminar  
f low bench. 
and t h e  t e s t  f i l t e r  w a s  picked ou t  w i t h  s t e r i l e  f o r c e p s  and dropped 
i n t o  a p l a s t i c  b o t t l e  c o n t a i n i n g  50 m l  of s t e r i l e  TSB. The b o t t l e s  
c o n t a i n i n g  t h e  f i l t e r s  were t h e n  incubated  f o r  7 days .  I n  a d d i -  
t i o n ,  a 2-ml a l i q u o t  w a s  pour-p la ted  i n  TSA from each  b o t t l e  a f t e r  
5 days of i ncuba t ion .  

The moni tors  were opened i n  t h e  laminar  f low bench, 
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